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SURGICAL INSTRUMENTS AND PROCEDURES 
FOR STABILI ZING THE BEATING HEART DTTPTMn 
CORONARY ARTFPV RVPASS GRAFT STrPOPPy 

Diseases of the cardiovascular system affect millions of people each year and are a 
"leading cause of death throughout the world. The costs to society from such diseases is 
enormous both in terms of the lives lost and in terms jof the cost of treating patients through 
traditional surgical techniques. A particularly prevalent form of cardiovascular disease is a 

i 

reduction in the blood supply leading to the heart caused by atherosclerosis or other condition 
that creates a restriction in blood flow at a critical point in the cardiovascular system that 
supplies blood to the heart. In many cases, such a blockage or restriction in the blood flo^ 
leading to the heart is treated by a surgical procedure known as a Coronary Artery Bypass Graft 
(CABG) procedure, which is more commonly known as a "heart bypass" operation. In the 
CABG procedure, the surgeon "bypasses" the obstruction to restore normal blood flow to the 
heart by attaching an available source vessel to an obstructed target coronary artery or by 
removing a portion of a vein or artery from another part of the body, to use as a graft, and by 
installing the graft at points between a source vessel andja target artery to restore normal blood 
flow. 

Although the CABG procedure has become relatively common, the procedure itself is 
lengthy and traumatic and can damage the heart, the cardiovascular system, the central nervous 

i 

system, and the blood supply itself. In a conventional CABG procedure, the surgeon must make 
a long incision down the center of the chest, cut through the entire length of the sternum, 
perform several other procedures necessary to attach the patient to a heart-lung bypass machine, 
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cut off the blood flow to the heart, and then stop the heart from beating in order to complete the 
bypass. The most lengthy and traumatic surgical procedures are necessary, in part, to connect 
the patient to a cardiopulmonary bypass (CPB) machine to continue the circulation of oxygenated 
blood to the rest of the body while the bypass is completed. 

Although several efforts have been made to make the CABG procedure less invasive and 
less traumatic, most techniques still require cardiopulmonary bypass (CPB) and cardioplegia 
(stopping the heart). The safety and efficacy of the CABG procedure could be improved if the 
surgeon could avoid the need to stop the heart from beating during the procedure, thereby 
eliminating cardiopulmonary bypass and the lengthy and traumatic surgical procedures necessary 
to connect the patient to a cardiopulmonary bypass machine to sustain the patient's life durm^ 
the procedure. In recent years, a small number of surgeons have begun performing CABG 
procedures using surgical techniques especially developed so that the CABG procedure could be 
performed while the heart is still beating. In such procedures, there is no need for any form of 
cardiopulmonary bypass, no need to perform the extensive surgical procedures necessary to 
connect the patient to a cardiopulmonary bypass machine, and no need to stop the heart. As a 
result, the surgery is much less invasive and the entire procedure can typically be achieved 
through a small number, typically one or two, comparatively small incisions in the chest. 

Despite the advantages, the beating-heart CABG procedure is not widely practiced, in 
part, because of the difficulty in performing the necessary surgical procedures using conventional 
surgical instruments. If specially designed instruments were available so that the CABG 
procedure could be performed on the beating heart, the beating-heart CABG procedure would 
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be more widely practiced and the treatment of cardiovascular disease in a significant patient 
population would be improved. 

As noted above, the CABG procedure requires that a fluid connection for restoring the 
flow of blood be established between two points to "bypass" a diseased or obstructed area to 
restore blood flow to the heart. This procedure is known as an "anastomosis." Typically, a 
source vessel, such as a source artery with an unobstructed blood flow, Le^, the left internal 
mammary artery (LIMA), or a bypass-graft having oje end sewn to an unobstructed blood 

i 

source such as the aorta, is sewn to a target occluded coronary artery, such as the left anterior 
descending (LAD) artery or other vessel, that provides blood flow to the muscles of the heart. 
Because the beating-heart CABG procedure is performed while the heart muscle is continuing 



to contract and pump blood, the anastomosis procedure 



is difficult to perform because the heart 



continues to move while the surgeon is sewing the anastomosis. 

The specific part of the surgical procedure that creates the anastomosis in the beating- 

j 

heart CABG procedure requires placing a series of sutures through extremely small vessels on 

j 

the surface of the heart and requires completing the anastomosis while the heart muscle continues 
to beat to pump blood during the procedure. Moreover, the sutures must be carefully placed 
so that the source vessel or graft is firmly attached wh<?n the anastomosis is complete and does 
not leak when blood flow through the vessel is established. It is also important that the 
anastomosis procedure be performed rapidly because tbj blood flow through the target coronary 
artery may be temporarily interrupted or reduced to avoid excessive blood loss. Also, the 
working space and visual access are limited because the surgeon may be working through a 
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small incision in the chest or may be viewing the procedure on a video monitor if the site of the 
surgery is viewed via a surgical scope. 

In one current practice, the surgeon places snnlres through the heart tissue and. by 
exerting opposing tension on the sutures, stretches the tissue surrounding the site of the 
ILtomosis to partially reduce the motion of the heart wljile the anastomosis is completed. This 
approach is far from ideal. Alternatively, a suction device may be attached to the surface of the 
heart to fix the motion of the outer layer of surface tip In such cases, a suction device 
typically has several ports incorporated into an insnume'ht mat may be attached to the heart to 
apply a negative ptessute to the surface tissue. The negative pressure essentially attaches the. 
surface tissue to the apparatus thereby fixing the position jof a portion of the surface of the he** 
Such devices are described in co-pending United States patent application no. 603.328. 

While the negative pressure approach may be effective in fixing a portion of the surface 
tissue of the heart, the negative pressure applied to tjardiac tissue can result in temporary 
hematomas at the site where the suction ports attach toj.be tissue. Also, the exterior cardiac 
tissue is fixed in a configuration defined by the shape tjf the insttumen. and the oriematton of 
Ute suction ports. While the heart continues to beat, <hd heart muscles are contracting to pump 
Wood, which results in the musc.es exerting a force directed awa, from the exterior tissue fixed 

i 

by suction. I 

The beating-heart CABG procedure could be greatly unproved if the heart could be 

5tab U«ed during the procedure such that Ute motion of jure heart, particuiariy a, the site of the 

auastomosis, is minimized even though the heart continues to beat to supply b,ood to the body. 
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H effective mean, for seizing d. beating heart -re available, the beating-bear, CABG 
procedure could be performed more easily, more rapid,,, more safely, and with less ttauma to 
the patient. 

ci W /> BYOF INVF.NT10N 
" The advanrages provided to a surgeon by the tenants and techniques of the invention 
.How dte beadng heart CABG procedure to be performed, more rapid.,, wUh less trauma to the 
patten,, and enable a surgeon to perform a CABG procedure without CPB or cardioplegia. Tuts 
invention provides an tdtemadve approach to a auction apparatus b, providing device and 
nredtods for seizing the morion of the heart using mechanical insmunen* special!, designed 
to appl, a seizing force ,o dre hear, ,o minimize the JmoUon of the beating bean during t 
procedure. The invention enables a surgeon to fcadily ^ rapid!, perfonn a beadng- 
^ CABG procedure thus avoiding the need for cardioplegia or cardiopulmonary bypass. In 
p^, d* methods and devices described herein enable dte surgeon ,o smbUize the hear, 
^ dta, an anas,omosis can be more readily accomplished by enabling dte surgeon ,o adach 

, t, . m ftto a targe, coronary anery whose morion is miniinized for die 
a source vessel or bypass graft to a target connu., 

duration of the surgical procedure. 

^ . » invenrion, a subduing device is introduced drroogh a sniuble openmg 
^cheat^providesacccsa^beadngheart. By conning dte he*, with » means 

^ dta, movemen, of dte urge, artery a, dte site oi me anastomosis is mininuzed. 
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remainder of to hear, may be allowed to cornrac, normally or may have additional devices in 
p.ace to support the hear, or to resrrain its morion. Addi.iona.ly, several of Ire device* of to 
invenrion may he used to position dre bearing hear, <o provide an improved surgical Held, * 
rnainrain me hear, in a preferred configuration for surgery, or «o rorate to hear, ro presen, 
Tistinc, feamres of rhe hear, to me surgeon's visible andlaccessible surgical Held. 

An unpotian, advanrage of mis invention is derived from rhe dUcovery ma, a new and 
effecrive rechnique can be described herein arrf perform* in surgery using me devices of me 
invenrion ,o provide an advanrageous rechnique for seizing or positioning me beating hear, 
during a surgical procedure. The procedure for srabilixing me beating hear, generatiy requims 
exerting a seizing force on me beating hear, usmg devices cor— as described herein)" 
Typically, in separam smps. Ure surgeon conracta to he|n wim a, ieas, one component of to 
nreans for seizing to beating hear, o, mis mvention, issesses to degree of movemen, of to 

proximate » to sim of to stfgery such as a targe, coronary ariery of an anastomosis. Wrrh 
to fcnctional portion of a seizing means in piace, to surgeon app.iea a seizing force » 
„. beating hear, such to, to portion of to instrument in conrac, wim to surface of to hear, 

MUS e substantia! motion, eitor vertica, or horizon*!, a, to surgery si,e. The seizing force 
„ apptied directi, or u^irectiy using a, ieas, one combone nr of to smbdizh, means of me 
mention and is comprised of ezerting a mechanica. fotce on,o to beating hear,. genemUy a. 
. specific .ocation such as a targe, coronary armry and generally exerting force to, is a, ,easr 



223/172 
Patent 



partially applied in a direction perpendicular to the surface of the beating heart. Thus, an 
taportant aspect of this invention is the discovery that the beating heart may be effectively 
srabUized for the purpose of a surgical procedure by using.a specuUy designed instrument as 
described herein ro exert a mechanica! stabilizing force on the exterior of the heart, particularly 
where the force is exerted proxhnate ,0 ft. sire of rhe surgery. The stabilizing force may consisr 
of a force that resisrs the motion supplied by d. beating heart, or additional forces a PP .ied .0 

the heart, or the stabilizing force. 

By fixing the position of the stabilizing means in a configuration where the motion of the 
beating heart is effectively eliminated, the surgeon maintains the stabilizing force on the beating 

, , t . nmredure To fix the position of the means for stabilizing the 

heart for the duration of the procedure. iu iia u v 

u-,- • ra «nc mav be attached to a retractor used to separate the ribs or 
beating heart, the stabilizing means may oe aiuuwu 

c , . t-,. stabi iizin g means may also be attached to a comformable, 

to another fixed support. The stamping i» j 

flexible, or semi-rigid arm or shaft means which is render* substantially rigid mechanically, 
chemically, or by human intervention. In certain preferred embodiments, the stabilizing means 
has an adjustable shaft means which may be oriented in several directions and has a fixture 
adapted to be attached to a retractor. In a preferred technique of the invention, the surgeon first 

♦ ,nH reacts the ribs using a retractor, which may then be locked in an 
performs a thoracotomy and retracts me nus & 

.« thr wins heart The surgeon then contacts the surface of 
open position providing access to the beatmg nean. e 

*«t «r the stabilizing means, which has been provided with an adjustable 
the heart with a component of the staouuiug 

♦ «u. target coronary artery, and exerts a stabilizing force on the 
shaft, at a point proximate to the target coronary a j, , 

u ort Ftv maniDulatine' the adjustable shaft, the site of the 
means for stabilizing the beating heart. By manipulating, ui j 



I 
i 

t 



223/172 
Patent 



surgery will become substantially morionless. This force may be advantageously applied, and 
the absolute amount of force minimized with the additional feature of an adhesive or high- 
friction surface on rhe component of the stabilizing means ma. contacts me beating heart. M 
Oris point, the adjustable shaft means is fixed in position,', for example by being stably attached 
"mme re.rac.or, .hereby rendering the targe, coronary artery substantial* motionless for me 
duration of the procedure. 

■vrrgrnrPTTON OF TWF. ROUHES 
Figure 1 is a means for stabilizing me bearing he j. having a pair of substantia!!, planar 
conrac. members which are oriented «o engage the hear, ^roximare to rhe sire a« which a bypass 
wtt, be sewn. Figure 1 also shows me contact member^ atrached ro a shaft means which ma* 
be adjusmMe in several directions and which may be attached .o a reactor or other fixed 
support structure. Figure 1A is a detail of the shaft me^rs and the structure of the adjustable 
posUioningmechamsms. Figure IB rhrough 10 are varidus configurations of a contact member 
having a friction means which is preferably affixed .o ^bottom surface of the comae, member. 

Figure 2 is an example of a snap-on member affjxed to the bottom surface of a cotnac, 
member for ease of manufacture and disposability advantages. 

Figure 3 is an example of a seizing means of the invention having an inflatable or 
fluid-filled cushioning member disposed between Ore bottom surface of rhe contact member and 

I 

! 

the surface of the beating heart. j 

Figures 4A through 4C are an embodiment of fhe invention having weighted contact 

member, that engage the beating heart, and which k - - * • — » ^ 
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stabilization of fte heart by applying a stabilizing force via* balanced mass having an adjustable 
weight and counterweight configuration. Figure 4A shows the weighted contact member in cross 
section. Figure 4B U fte conuct members having an opening disposed therebetween for 
positioning of a vessel. Figure 4C shows the conrac. member coupled ,o a shaft that is affixed 

to~a fulcrum having an adjustable weight and a counler-weight. 

Figure 5 is an embodiment of me invention having a counter-concacr member positioned 

opposite a pair of conrac, members and having a shaft positioned at an intermediate porn, 

therebetween. 

Figures «A and 6B are embodiments of the invention having contact members which have_ 
a conformable sha*. and where a flexible or frigid member may be passed .brought 

body of the contact member. 

Figure 7A is an embodimen, of me contact member wherein the contact member has 
^ for releasee aftachment of the disra, «. of a shaft; means. Figure 7B is an em^uneu, 

anachmen, ,o the disra, end of a shaft means. Figum 1 f is an embodiment of fte invention 
wherein a separate shaft is provided having distal portions adap«d to fir within ports on a 
comae, member. Figures 7D and 7E are an embodime* of fte invenfion wherein fte confcc, 
m embers are formed from fte M porfion of a shaft means for mhumaUy involve 
appUcations. Figure 7E shows an interconnecting member for joining fte distol portions of fte 

shaft means. j 

Figure 8 is an embodiment of fte invention having, subsuntiall, annuUr comae, member 
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whi ch is affixed to a shaft which is rotatable about the annular comae, member and which may 
t. ..ctad into position at a given point about me periphery of the contact member. 

Figures 9A through 9G are embcdunents of the invention where a positive or negauve 
pressure is provided proximate to the contact members. Figure *H is an embodiment o, the 
, where a Ugh. source is provided to .nominate the area that the beating hear, contacted 



invention 



by the contact members. 

Figures 10A through IOC are em— of the invention where a surgica. drape is 
operably associated with the contact members to provide an isoiated visual field. 

Figure 11 is the contact members of the invention having an associated apparahts to 

facilitate completing the anastomosis. 

Figure 12 is an embodiment of the invention where the abaft means has associated 

i 

therewith a separate vessel holder. 

Figures 13A through BE are a cannula assembly preferred for providing mimmally 

^assembly .oO.ches.wa, Figure .Bhasj a ti^aded portion abourdtepenphe. 
Figure U is a conica, cannula havhrg a smaller: disU. - . engage dte surface of *. 



heart. 
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in a minimally invasive fashion via a cannula .0 bring to contact members into engagement with 
the beating heart. 

Figures 16A through 16E are an embodiment of the invention design for minimally 
invasive insertion and removal of flexible conuc. members whereby to contact members are 
uSnuined in a retracted state within a hoUow porrion o, a shaft and are deployed upon 

extension of a central shaft. 

Figures 17A through 17D are an addition, embodiment providing minimaUy invasive 
insertion and removal of the comae, member* of the invention whereby individual conuc. 
members are rotated into position by a hinge at the distal end of a shaft. f 

Figures ISA through UD are conuc. members which are attached to a guide that * 
positioned about a shaft such that downward movement of the guide causes to cootot members 
to be deployed. 

Figures 19A and 19B are contact members of the inversion attached to a shaft means by 
a plurality of sou* that extend the contact members into position. - 

Figures 20A through 20E are conuc, members of the mvention tot are rouuble about 
the disul portion of a shaft means by a plurality of hinges. 

Figures 2IA through 21C are an embodiment haying conuc, memben formed from a 
notary wun which la looped such to, when exfcnded from a bod, of to device, to conuc, 
members are deployed, and ma, he removed m a mh^ah, invasive fashion by withdrawing 
a portion of to wire into to body of to device. 

Figures 22A toough 22C are an embodiment of to invention wherein to conuc, 
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nrembers are formed from a helical coil which may be withdrawn into the hoilow porrion of a 
shaft for minimally invasive insertion and removal. 

Figures 23A and 23B are inflatable contact members that may be deflated for insertion 
or removal by being drawn into die body of a shaft. 

= Figures 24A and 24B are a contact member of me invention formed from an inflatable 



annular cuff. 



Figures 25A and 25B are contact members fotmed from the divided portion of the distal 
end of a shaft. 

Figures 26A through 26C are contact member* having sumres associated therewith for 

manipulation of a target artery . 

Figures 27A and 27B are an indavessel stabler adapt* to ft. within me target corona* 



artery. 



Figures 28A ami 28B are cotnac, members of the invention having means associated 

therewith for positioning said epicardial tissue. 

Figures 29 A and 29B are comae, members of me invention having mumble cyUndrical 
roU ers for coUecting or spreading epicardia! tissue proxnnate to a targe, anery. 

Figure 30 is a menns for aabuizhtg the beating hear, having a pair of comae, members 

* spreads dte tissue a, me si* of 0. surgery . beder expose me coronary armry. 

Figures 3.A and 31B are embodiment of me smbiuzing means having a single shaft 
«^ wim each contact member ^ where tire shaft means are mmreonnecmd and 



means 
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can be moved independently about a pivot such that the contact members spread the surface 
tissue of the heart proximate to the target coronary artery to increase exposure of the target 

artery at the site of the anastomosis. 

Figures 32A through 32C are embodiments of the invention wherein the contact members 
hTve additional structures associated therewith for retraction of epicardial tissue, the epicardial 
retractors may be comprised of pins which extend from the bottom surface of the contact 
member. 

Figures 33A and 33B are means for stabilizing the beating heart comprising a system 
which incorporates the retractor which spreads the ribs to provide surgical access to the hearty 
The stabUang means is comprised of a pair of seizing plates which may he naed togem* 
with a lever device to improve exposure of the target coronary artery. 

Figures 34A through 34D are an embodiment of the invention having a lockable 
m echanism for depressing epicardia. tissue on either side of a target coronary artery. 

Figure 35 is a substantially planar stabilizing platform which contacts the heart a. a site 
proximate to a* surrounding the coronary vessel. The platform ma, also have associated 
a^with a, leas, one occluder which restricts or eliminates blood flow through an artery and 
an associated device for spreading the time proximate » me anastomosis. 

Figure 36 is an artery occluder comprised of a shaft portion and having a blunt portion 

to engage a target artery. 

Figures 37A through 37C are cooact members having smrccures associated therewith for 

occluding the target coronary artery. 

13 
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Figures 38A and 38B are contact members of the invention having a flange associated 
therewith for use with sutures that surround the target vessel and may be used in connection with 
a movable shaft or suture guide to occlude the target vessel. 

Figure 39 is an embodiment of the contact member of the invention having one or more 
tores attached, preferably to a planar surface thereof, and adapted to receive a surgical tool 
or accessory such as scissors, forceps, or surgical needles for the convenience of the surgeon 

during the anastomosis procedure. 

Figure 40 is an embodiment of the invention having flex joints between the contact 
members, the interconnecting shaft, or the shaft means to provide continuous positioning of the 

t 

contact members. 

Figure 41 is an embodiment of the invention having lockable joints associated with the 
shaft means. 

Figure 42 is a flexible, lockable arm which allows positioning in every direction to place 
and orient the contact members until the requisite degree of stabilization is achieved at which 
point the arm having a stabilizing means is fixed in position. The flexible, lockable arm may 
be attached to a retractor and is caused to become rigid when the entire stabilizing means is 
properly positioned. 

Figure 43 is a conformable, lockable arm having hollow cylinders and spheres and an 
inflatable balloon member disposed therein to lock the arm into position. 

Figures 44A and 44B are embodiments of the invention having curved interlocking 
segments wherein teeth formed at the interconnecting surfaces of each segment prevent rotation 

14 
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of the respective segments. 

Figures 45A and 45B are a flexible shaft having means incorporated therein for fixing 

the position of the shaft. 

Figures 46A Ihrough 46C are an embodiment of me invention where a series of 
'adjustable links have a elastomerie hydraulic median disposed therein and where application of 

force can** me elastomerie hydraulic median to become rigid and toes the position of toe 

adjustable links. 

Figure 47 is an embodiment of the invention having a flexible shaft with a plurality of 
strands located therein wherein locking the strands in position at a distal portion causes the shaft 

• f 

to become rigid. 

Figure 48 is a flexible shaft having a plurality of lumens disposed therein such that 
sealing of the lumens toes the position of the flexible shaft. 

Figure 49 is a fine adjusting mechanism wherein a plurality of threaded cables are 
anached to a proximal porrion of a shaft means whereby turning me threaded cables causes the 
proximal portion of the shaft means to be adjusted. 

Figures 50A and SOB are embodiments of the shaft meat* having spring-loaded or air- 
dam pmg mechanise to restrict toe vertical motion of the shaft relative to a tfable support. 
Figure 51A and 51B are shaft me., of toe invention provided with fine adjustment 

mechanisms for vertical positioning of the shaft. 

Figure 52 is a malleable shaft that is moutoeu on a tomre .torched to a retractor blade 

and having a handle for vertical positioning of toe shaft. 

15 
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Figure 53 is a shaft means comprised of an adjustable arm formed from several 

interlocking segments attached to a cable. 

Figures 54A through 54C are an adjustable shaft means of the invention wherein the 
position of the contact members are adjusted by a positioning handle located at the proximal 
potion of the shaft means and connected to a ball joint at the distal portion by a plurality of 
positioning wires. 

Figure 55A is an embodiment of the stabilizing means of the invention having stabilizer 
bars suspended from the bottom side of a rib retractor wherein the stabilizer bars engage a 
ratchet mean, Figure 55B has malleable shafts anached to a retractor and to the contact 

Y 

members. 

Figures 56A through 56D are a shaft means of the invention having mechanisms for 
adjustable positioning of the shaft relative to a stable support. 

Figure 57 is an adjustable arm for aftaching a shaft means of the invention to a stable 
support wherein tire shaft means passes through a ball join, that is adjustable by a future on the 
and .herein the arm is locked in place on the stank support b, a latch mechanism. 
Figures 58A through 58C are embodiments of the shaft means of tire invention for 
adjustable positioning of the shaft means relative to a retractor blade. 

Figures 59A through 59C are adjustable shaft means of tire invention that extend from 

or retractor arm. 

Figure 60 is an embodiment having a centra, shaft with a handle a, the proximal end mat 

16 
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is positioned by a plurality of shaft guides which are preferably attached to a interconnecting arm 
affixed to a retractor. 

Figure 61 is an embodiment of the stabilizing means of the invention having a pair of 
plates operably associated with a rib retractor and a sphere disposed between the plates to 

facilitate orientation of the shaft means. 

Figure 62 is an embodiment of the invention having a shaft means comprised of an arm 
which extends from the interconnecting bar of a retractor to a position below the retractor blades 
and has a substantially horizontal shaft. 

Figure 63 is the means for stabilizing the beating heart of the invention operably. 

f 

associated with a rib locking mechanism. 

Figure 64 is the stabilizing means of the invention adapted to be used as a.means for 
positioning the beating heart, wherein the means are operably associated with a rib locking 
mechanism. 

Figures 65A .trough 65D are embodiments of the invention where the shaft means is 

comprised of a unitary hollow shaft. 

Figure 66 is a means for stabilizing me beating heart having a sheath member with 
several pliable support anacbmen* associaed therewith whieh may include or be comprised of 
stable members which are positioned a. one or several locations surrounding the heart and 
my tave a lumen disposed within me sheadt member for the mtroduction of air or a 
biocompatible fluid. 

Figure 67 is a stabilizing means formed from a movable sheath member that is attached 

17 
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at either end to cranks mounted on the arms of a retractor. 

Figures 68A through 68C are a device for advantageous positioning of the heart 
comprised of a flexible sheet, preferably having a hydrogel coating on one side. 

Figure 69 is an embodiment of the invention comprised of a plurality of telescoping shafts 
Sving the contact member affixed at their distal end and wherein the position of the telescoping 
shaft is manipulated and fixed by a hydraulic actuators. • 

Figure 70A through 70D are an embodiment of the invention having a conformable arm 
comprised of a plurality of friction joints that are engaged when the motion of the beating heart 

presses against the contact member. .£ 
Figures 71 A through 7 ID are an embodiment of the invention having a contractihle shafr 
aaached to a flexible s.ide. The flexible slide s designed to be inserted into a seed-shaped dip 
which may be ahaehed to a retractor blade. The cortractible shaft is extended «o engage the 
beating hear, by application of hydraulic pressu*. for .trample, by a syringe that is preferabty 
supplied with a one-way releasable valve. 

Figure 72 is a view of the interior of the chest cavity during a CABG procedure on the 
beating hear, witi, tite stabilizing means operably associated wim a retractor and being used in 
conjunction whh omer surgical apparams to facilitate completing toe — osis. 

Figures 73 and 74 show <he stabilizing means of me invention having been imrodnced 
^ugh a thoracotomy «o cotnac, the beating hear, to engage the bean tissue on either side of 
a targe, coronary artery ,o which an anastomosis is sewn. 

Figure 75 is an embodiment of the invention having a pair of shaft means operably 
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associated with ball joints that are affixed to opposing arms of a retractor. 



n^TATT F.n DESCRIPTIO N OF THE INVENTION 
This invention is surgical instruments for stabilizing the beating heart and methods for 
thlir use. The means for stabilizing the beating heart are comprised of several alternative 
structures at least one component of which engages the surface of the heart to stabilize the 
beating heart during coronary surgery. The instruments provide the capability to exert and 
maintain a stabilizing force on the heart by contacting the heart with a component of the 
stabilizing means and by functionally fixing the position of the stabilizing means throughout th| 

V 

duration of a surgical procedure. 

The instruments and methods of the invention are preferably used for stabilization of the 
beating heart during a rninimally invasive coronary artery bypass graft (CABG) operation which 
has been specially developed to facilitate completion of an anastomosis, to a target coronary 
artery for example by the placement of a bypass graft or the connection of a source artery, 
without requiring cardiac arrest such as cardioplegia or fibrillation and without cardiopulmonary 
bypass (CPB). Although the means for stabilizing the beating heart can be applied in different 
surgical contexts, the devices described herein are most advantageously employed in a CABG 
procedure wherein only one or two minimally invasive incisions are placed in the chest. The 
complete structure of the stabilizing means of the invention may be provided by any of several 
structural embodiments which stabilize the beating heart while the minimally invasive surgical 
procedure is performed. Discrete components of the stabilizing means may also advantageously 
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function in a multiple component system containing a retractor, an occluder, a surgical blower 
or suction device, an apparatus for holding the source artery, such as a LIMA holder, or other 
like discrete or integrated surgical devices or instruments that enable a surgeon to more 
efficiently complete the anastomosis. While the devices disclosed herein each use mechanical 
"means to stabilize the beating heart, certain embodiments are designed to operate on the entire 
heart while others have a more localized effect and may be applied to the area immediately 
proximate to a structure such as the target artery of the anastomosis. In each instance, the 
beating heart is effectively stabilized at the area where a surgical procedure is to be performed. 

Surgical access to the beating heart may be achieved by several conventional surgical 
procedures which have been developed for traditional cardiac bypass surgery and the surgeofr 
may thereby obtain the advantages provided by this invention in any procedure where the bypass 
is achieved on the beating heart without regard to the surgical method of access to the heart. 
Preferably, the surgeon takes additional measures to restrict the movement of the entire heart 
within the chest cavity and may utilize certain embodiments disclosed herein to position or orient 
the beating heart. For example, an adjustable strap which may have inflatable cushions attached 
to the straps, or having laces may be inserted beneath or surrounding the heart. When access 
to the beating heart is achieved by a sternotomy, at least part of the length of the sternum is 
divided to expose the surface of the heart. Additionally, when the pericardium is available, the 
pericardium may be incised and used to position the beating heart. When available, the surgeon 
can use the pericardium to raise and rotate the beating heart within the chest cavity and maintain 
the position by suturing the pericardium to the periphery of the incision. 
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In a preferred embodiment, minimally invasive access to the beating heart is achieved 
by a thoracotomy, which is usually created in the left side of the chest by a smaller incision 
between the ribs, followed by insertion of a retractor between the ribs, spreading of the ribs, and 
securing the retractor in an open position to provide access to the source vessel and the target 
cwonary artery. The use of the pericardium to position the beating heart as described above is 
particularly advantageous when the less invasive thoracotomy is used to provide access to the 
heart. In this procedure, an incision is created in the pericardium, which is then sutured to the 
periphery of the thoracotomy. In this configuration, the pericardium acts as a restraining sack 
to keep the beating heart in a desired orientation to achieve the anastomosis. . 

Once access to the heart is achieved, and the heart is positioned if necessary, the mean^ 
for stabilizing the beating heart is introduced through the opening created by the thoracotomy 
and at least one component of the stabilizing device of the invention is brought into contact with 
the beating heart. The surgeon then applies a stabilizing force to the beating heart via the 
stabilizing means which may then be fixed in place by attachment to a fixed support. When the 
rib retractor or platform is fixed in an open position to expose the heart, the retractor platform 
may also provide the stable support structure to which the stabilizing means is affixed. When 
the position of the stabUizing means is fixed by attachment to a stable support or to the retractor 
platform, the stabUizing force is maintained for the duration of the procedure. 

Although the particular source vessel and target artery of the anastomosis are determined 
clinically, a common minimally invasive bypass procedure on the beating heart includes an 
anastomosis which forms a connection between the left internal mammary artery (LIMA) as the 
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To comolete the anastomosis, the surgeon must dissect a 
diagnosis and a patient's anatomy. To complete the 
— u • ^^oi rhest cavitv Once dissection ot the 

portion of the LIMA by separating it from the internal chest cavity. 

,« a rh the dissected LIMA to the target coronary artery, 
LIMA is achieved, the surgeon may attach the dissecteo 

, rt» stabilizing means of this invention would be used to 
i e the LAD. In this example, the stabilizing m 

~" „ • . * least the portion of the procedure during which the surgeon 

stabilize the beating heart during at least the porno 

completes the anastomosis of the LIMA to the LAD. J 

u m « hP nlates or rectangular members whicn 
a nair nf contact members may be plates or i^s 
of the anastomosis. A pair or conxaci 

9t the s ; te 0 f the anastomosis and whicn 

m he — , ft. — »n . — o, . ~ - 

J te .uae a - ta v tog sever* — — - — 

• „f «. shaft means relative to another structure sach as the contact 
oich that the orientation of the snarr mu. 
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te severa! embeds, each of rhe individoa. ***** bribed and i.iustrared herein 
tas discrete ***** and features which ma, he readdy separated from or combined with 
rae fearores of any of the other severs, embodhnenrs wirhour depart from the scope or spirit 
of the invention. 

= Rtferrmg .0 Figure 1. a means for stabilizing the heating hear, is comprised of one or 
eo^shaa^wMchis-mn.nrcon^^u.sh^meaosa.Theconucrmem^.mayhe 
^nriauy ptana,, ma, he stighti, corded to conform ro rhe shape o, the hear, or may he a 

♦ . ^mters 1 may have any of several alternate shapes includm*- 
the beating heart. The contact members 1 may na y 

cy Wric a, member, members formed mto a U-shape, or may compr. a pa, of — y 
p^e, members spaced apart m a pataUe, cordon such Una. a utget artery can he 
„ siti oned between me confer members. The shape of the cooract members may he 

e^rs. as described hem, me contact members , ma, have a^res, openm 8 s or 
„s to connection with suhrres or _ deuces ro achieve *e re^m 

^ — of *e »*« vesse, or e^e or the tatge. vessei. * . 

a . — — shaft , aod ate oriemed m a substantia, P-, «- - - 
. M get catdiac artery is Positioned mereherween - passes aioog me grea,er .engtir 
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comae, member, 1 when «he stabilizing means engages fte hear,. See Figures 72 ftrough 74. 
The connecting shaft 2 may be a continuous shaft for interconnection of the contact members 
, without touching the artery or may induce an aoditiona, member which may be operated to 
comae, Ore urge, artery positioned be«ween me comae, members . . see Figures 36 ftrough 38. 
TocCude the passage of b.ocd ftrough me .arge, artery. The comae, member, 1. connect 
^ 2, and shaft means 3 may be composed of any non-toxic materia! such as a biocompattbie 
pl as,ic or sminiess stee., havmg sufficient tensiie strengft to wiftsmnd a subbing force exerted 
„„ the hear, via manipuiMion or fixation of the shaft meam 3 ,o cause ft. comae, members 1 
» exert a subUttng force on fte bea,ing heart. Also, whi.e fte comae, members 1 ma, each_ 
* connected ft fte connect shaft 2 a, one end, with the competing shaft 2 operabiy artache,- 
t0 fte shaft means 3, each of fte uviividual comae, memher embodiment described and 
„, herein has discrete features which may be readUy separated from or combined wtft 
fte feamres of any of the other severa, embodhnents. such as differing designs of the shaft 
^ or ofter component of fte invention by one of ordinary sxUl in the an. 

Tttc shaft means 3 may he a simpie rigid post or may be comprised of a muiri.omponent 
astern designed to he adjust in .engft and orientation a, .east one pom. aiong Us iengft 

(loww) em, of fte shaft meatts 3 can be aUered by the surgeon. Prefer, fte iengft and 
ori enm,ion a, fte shaft meats 3 reiative to fte comae, members I can be adjusted by ccmrois 
10C a tti a,fteproxm,a 1( upper ) e ft dofshaftmeans3. (A s used hereh, fte .erm Mis* refers 
^aporUonofadevicemostproxu^mfteheanwhi.efte.rmproxmraimfemmfteoppos, 
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portion which may extend outside of the incision and which is most often readily tnanipuiated 
by the surgeon). This design provides the advantage that the surgeon can inrroduce me 

hear,, foi.owed by the combination of exerting a stabi.izing force and todong rhe contact 
"~ mbers 1 in place re.at.ve to me shaft means 3. Furthermore, me surgeon may men toe* the 
shaft means 3 into a fixed position by auachment ,„ a subto support such as me retractor, 

^ shaft meat, 3 has a housing U whose overaU .engm is adjusmh.e by a reding release 
operated by an annular thumbscrew 8 which tightens about me housing ... The position a* 
orientation o, the contact members 1 relative to me shaft means 3 is adjusubto b, virtue Or * 
tooting ban joint 5 which is interpose* between the connecting shaft 1 and which is tocated a. 
te disu. end of shaft mens 3. The tocfcng bah join, 5 shows me poshion of me shaft means 
3 .„ be positioned with three degrees of freedom retotive to me contact members .. 

Referring again to Figure 1, a Inciting baft joint 5 is provided b, inctoding a btock 6 
wiOdn the shaft mean, 3 which conformtogiy cornac* the M join, 5 and fixes *e position of 
to m join, 5. Btoc* 6 is compressed again* baH joint 5 when a drreaded push Mode 7, 

n 9, and is ^ by means 

„ thumbscrew 8 toosens fir. fower baft joto, 3 to aitow confinuous posittoning of *. shaft 
_ 3 retotive to me comae, members , and a counto— too. me ba., join, 5 into 
ptoce, fixing me position of me conuc, members 1 relative to shaft means 3. 
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The upper end of shaft means 3 may also have associated therewith an upper ball joint 
,3 such that me shaft means 3 can he oriented with four degrees of freedom reia.ive to a fixed 
support such as a retractor (no. shown). The position and orientation of the shaft means 3 may 
■hus be fixed reiative to the stable support by a Inciting latch 14 or other conventional 
Mechanism which prevents movement of me upper ball join. 13. Elmer the shaft means 3 or 
the retractor may contain me .ocxing .atch 14 surrounding me upper ball join. 13 or any tike 
fixture to firmly attach the shaft means 3 to a stable support, e.g., an anchor portion 15 
extending from the retractor (not shown). 

Referring to Figures IB through 1G. me contact members 1 preferab,y have friction 
m eans assorted with their bottom surface 4 such that the contac. members 1 more securefr 
engage the beating hear, when a aabilizing force is exerted on the shaft means 3. The fricnen 
means are preferab.y comprised o, a texntred surface covering the bottom surface 4 o, the 
cottiac. member 1, and may he comprised of severa. biocompatible substances such as a 
textured rubber, textured or ridged altimutum, stainless steel or the like. 

The friction means may aiao be affixed to or comprised of a member disposed berween 
te hottom surface 4 of the con*, members 1 and the surface o, the beating heart, In these 
embodiments, the friction means is provided ,o «- sub— o, the beating heaft b, 
a ^ close ari conforming contact between the comae, member 1 and Use hearing hear, 

. f necessary to be applied to the exterior of the heating heart m 
and reducing the amount of force necessary to tie app 

. ... ,.„ Referring to Figures IB and ID Ihrough 1G, any number of 
order to achieve stabilization. Referring to ngu 

..m,r,rt surface in a diamond plate, granular, naU-bed, 
different configurations and may have a textured surface man 
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anti-skid, open foam, or other friction-providing configuration. The geometric configuration of 
the surface, having one side affixed to the contact member 1, may be fiat, triangular, 
rectangular, square, or circular. Alternatively, surfaces providing a functional adhesive may be 
obtained using hydrogel, f.brogen, collagen, hydroxy epitate, or other biocompatible material 
"and may be chemically etched, mechanically scored, or electrically activated. 

Referring to Figure 2, one practical method for providing the friction means is a separate 
member affixed to the bottom surface 4 of a contact member 1 comprising a snap-in member 
!6 having means 17 for removably attaching the snap-in member 16 to the bottom surface 4 of 
me conusor member 1. This removable attachment feature may be readily provided by a po^ 
18 affixed to each snap-in member 16 and which fits engagingly in a port 19 formed in the *d j- 
„, the contact member 1, or by ofter like configuration. This embodiment offers several 
advances in disability and ease of manufacture, particular* where it is deairaMe to provide 
an adhesive or friction-providing member separate., to the bottom surface 4 of the contact 
member 1, and especially where the friction or adhesive member is fomted of a different 
nuteria. man the body of the contact member 1. The bottom surface 4 of the snap-in member 
,6 may have any of Ore conftgurations described previously (See Figures IB and ID through 
1G). 

Given the delicacy of fte epicardial cardiac tissue, and the desire to avoid the possibility 
for damaging the heart as ■« beats throughout the beating hear, bypass procedure, and to avoid 
fte possibility ft* the slabbing means might slip, the contact members 1 of the invention may 
te provided with a friction-providing and/or cushioning materia, at the .ower or bottom surface 
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4 of dse contact member 1 to cushion one pom. where me comae. memt*r(s) 1 engage me 
bearing hears. For example. Figure 3 shows an exempt marem. 20 comprising a rexmred 
soft rubber or fluid-fined member affixed .o .he bottom or lower surface 4 of me contact 
members 1 <o prevent damage to the hear, .issue, and .o minimize s.ippage. 
~~ As no.ed above, a fundament element of use invention is me contact members wbich 
ogage the surface of rhe beating hear,, us some embodiments proxima. <o me site of the 
aoastomosi, .o direct., app.v Use smbihaing force ft, me beating hean. The acftsa, shape, size, 
confsgurarion, and rCative orientation of me contact members ma, var, without depaning from 
ft* spirit of the invention. For examp.e, referring » Figures 4A and 4B. use contac, member^ 
, usa. engage the surface of Use beating hear, ma, be provided b, a so.id structure IX. preferab* 
. dense mem., which provides an added weigh, to add to ,he sub..^g effec. achieved b, 
costing tine heating hear, witis Use stabUizing means of tite invention. This embodhnent 

embodhnen.Ua. fcesiK of rbe anastomosis. As can be seen us Figure 4B through .ft* A-A of 
Figure 4A, in tisis emWursen, two conac, members la, lb engage the beating tort a. then 
10WM or boftom surface 4, have a greater thicks a, tiseu ouer edges, and have an open* 
22 positioned rhereberweeo. and which traverses the entire space between me consacr members 

la lb such that a vessel may be positioned therebetween. 

Figure 4C shows an ustegrated apparatus wbieb ma, advanageous* app„ Use «~ 

m embera 1 to Ore surface of the beating hear, b, me action of a ba,anc provided b, an 
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adjustable weight 24 and counterweight 25 mounted on opposite ends of a shaft 26 mounted on 
a fulcrum 27 which is preferably affuted to a stable support such as the operating table or an 
access platform providing retraction during me surgery. By manipulating me adjustable weight 
M. varying degrees of stabilizing force may be applied to the beating heart via shaft means 3 
aid the contact members 1. This embodiment provides a continuously variable quantity of 
stabilizing force direcred downward by Ihe positioning of the weights 24. 25 and me rotation of 
the shaft 26 about the point of the fulcrum 27. Thus, in use. ft. surgeon may rear fhe contact 
members 1 on the surface of the beating heart with a minima, force applied, and by moving the 
adjusrab.e weigh. 24 away from me fulcrum, cause additiona. force to be applied, via the shaft, 
means 3, and the contact members 1. to me surface of the beating heart. " t 

The positioning of the contact members 1 at the surface of the beating heart to provide 
the requisite degree of stabilization may be achieved by seven, techniques deaigrted to apply a 
mechanical force to me comact members mat res, in a conforming.y fashion a. me surface of the 
beating heart « substantia.., arrest me movement in an atraumatic manner. The device shown 
m Figure 5 has a pair of comae, members la. lb disposed in snbsmntia.1, paralle. fashion as m 
*. embodiment previous., described. However, me device has an additional coumer comae, 
member 28 tha, aUo engagea the surface of me beating heart, bu, does so at a point stighti, 

toeated a, the sUe of the anastomosis. Additions..,, the shaft means 3 ma, be attached to and 
* ro tatab,e abou, a pom, 29 locamd between the comae, members la. lb and tire counrer 
COBO c, member 28 and preferabl, at a pou» on d« connectm, shaft 2 ma, U slighti, e,eva K d. 
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The shaft means 3 is preferably mutable, for example by virtue of a ball joint 30, about the 
point 29 of contact thereby permitting the contact members 1 to self-align and engagingly 
content to the surface of the beating heart. Moreover, in this embodiment, when a stabilizing 
iorce is applied to the surface of the beating heart, the force directed down the length of the 
shaft means 3 is not centered over the site of the anastomosis. The counter contact member 28 
may also be conftgured to occlude the target vessel 31. As with the other embodiments 
disclosed herein, an embodiment of the m, of Figure 5 may be setaed by the surgeon 
depending on the particular clinical indication, the particular physiology of a given patient, 
and/or the surgical environment dictated by the access method used to gain access to die beating 
heart, for example, sternotomy, thoracotomy, or punctate incision. 

Thus, different surgical methods of access, different targe, vessels, and the anatomical 
differences between individual patients, may dicrate the use of alternate embodiments of the 
invention, typically a. me discretion of the surgeon. For mis reason, contact member, which 
are continuously adjustable, may be particularly preferred for some clinical indications. For 
example, Figures 6A and 6B show an embodiment of the invention having a plurality of particles 
or beads 32 disposed within a substantially flexible tubular stiucture or structures 33, and which 
^ have a vacuum lumen (no. shown) located .herein, to provide a conac. means 1 whose 
sha p. and position is adjuaable. Preferably, the flexible tube smtcmre 33 has a malleable 
member 34 such as a wire disposed along me lengm .hereof .o provide a stiucurra. memory 
.Unction and addition, .ensile strength. In the embodiment of Figure 6A, the flexible tube 33 
is 3 single unitary suucture which can be ben, typically m a U-shape configuration, to engage 
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the surface of the heart and may have plurality of discs 35 disposed along the malleable member 
34. Also, as illustrated by Figure 6B, the stabilizing means may be provided by a plurality of 
contact members la, lb as otherwise described herein. As with the single unitary structure of 
Jigure 6A, the plurality of the flexible contact members la, lb may be provided with a plurality 
of beads or particles 32 disposed therein and may additionally have the ability to be inflated 
selectively, or selectively deflated, to adjust or fix the position of the contact members 1 . When 
suction is applied via the suction lumen, the particles 32 are compressed by atmospheric pressure 
causing the tubular structure 33 to become rigid, thereby fixing the information of the contact 

members 1. :* 
As with the embodiments described above, adjustable placement of the contact member* 

may be particularly useful in a niinimally invasive procedure. Contact members that releasably 
contact or are releasably attached to a shaft may be deployed by separate insertion of the contact 
member, and a shaft or shafts which may be independently introduced, manipulated, and 
withdrawn to provide a stabilizing device held in place by pressure exerted on the shafts while 
the anastomosis procedure is performed at which time the contact members and shafts are 
removed in an atraumatic manner. Referring to Figures 7A and 7B, a unitary contact member 
1 has a plurality of recessed ports 36 adapted to receive the distal end 37 of a shaft means 3, 
wherein the distal end 37 is shaped to fit conforming within the recessed port 36 and wherein 
the shaft means 3 may be removably attached to the contact member 1. As seen in Figure 7B, 
this embodiment provides the advantage that the shaft means 3 may be introduced through a 
plurality of very small incisions such that several shaft means 3 may removably engage the 
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contact member 1 at the several points about the periphery of the contact member 1 where the 
recessed ports 36 are formed in the contact member 1 and receive the distal end 37 of a plurality 
of shaft means 3. 

Figure 7C illustrates a separate removable shaft means 3a that may be utilized with any 
of the embodiments of the contact members 1 previously described. In Figure 7C, the separate 
shaft means 3a is separately introduced and has a pair of distal ends 37 that engage equivalendy 
oriented and spaced ports 36 found in the contact member 1 to provide an additional positioning 
and stabilizing capability by manipulating the separate shaft means 3a when the distal ends 37 

engage the ports 36. -i 
Figure 7D is a simplified use of separate shaft means 3a having an integral contact 
member 1 formed from the distal portion 38 of the separate shaft means 3a. In this 
embodiment, the separate shaft means 3a are separately introduced into the surgical field through 
minimally invasive puncture incisions and are separately positioned to bring the distal portion 

38 of each of the separate shaft 3a to contact the surface of the heart. Referring to Figure 7E, 
the separate shafts 3a may be joined at the most distal tip by a discrete interconnecting member 

39 having openings 40 configured to receive the most distal tip 37 of both of the separate shaft 
means 3a. 

Figure 8 is an additional embodiment of the contact members 1 of the invention generally 
comprised of an anmrlar structure 41 which is mutable relative to the shaft means 3 which is 
attached at a point abonr the periphery of the comact member 1. In mis embodiment, a portion 
of the bottom snrface 4 of the annular portion 41 contacts the beating hear, at a site proximate 
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to the target site for the anastomosis. The annular portion 41 of the contact member 1 may be 
provided with a lockable fixture 42 which engages the distal end of the shaft 43, where the shaft 
means 3 contacts the annular structure 41, to lock the shaft in place. Alternatively, the shaft 
means 3 may rotate freely about the periphery of the annular portion 41 of the contact member 
1 . Preferably, a portion of the annular contact member 41 has a passage 44 formed through the 
bottom surface 4 of the annular contact member 41 where the target vessel 45 passes beneath 
the annular contact member 41. Additionally, the annular contact member 41 may have 
substantially planar surfaces 46 which are generally co-planar with the bottom surface 4 of the 
annular contact member 41 and have a rectangular opening therein for access to the target vessel 
45. Planar surfaces 46 may assist in providing stabilization at the tissue proximate to ThJ 4 
anastomosis, and which also assist in positioning the target vessel 45 relative to the annular 
contact member 41. 

The contact members of the invention may also be provided with other related apparatus 
or fixtures that are commonly used in traditional surgical procedures. Such structures or fixtures 
may be operably associated with the body of the shaft means 3, the interconnecting shaft 2, or 

the contact members 1 . 

Referring to Figures 9A through 9E, a suction (negative) pressure or a blower (positive) 
pressure is useful to maintain a clear and dry anastomosis site. The positive or negative pressure 
may be provided to the contact member by a plurality of ports 47 formed in the body of the 
contact member. Each port is in pneumatic communication with a lumen 48 that is in turn 
connected to a suction or positive pressure source. Thus, by exerting either a positive or 
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negative pressure on lumen 48, the suction or positive pressure is applied to the site of the 
anastomosis via ports 47. In Figure 9A t the ports 47 are disposed in the top surface of the 
contact members 1 and have aligned openings in the direction of the anastomosis site. 

As shown in Figure 9B, the plurality of ports 47 may be provided in a discreet lumen 
48 which is affixed to, and runs longitudinally along, the length of the contact member 1. In 
this configuration, the plurality of ports 47 are preferably disposed in a linear configuration 
along one surface of lumen 48 to provide negative suction pressure or a positive flow of pressure 
about the surface of the contact member 1. 

Referring to Figure 9C, as mentioned above, the plurality of ports 47 and the lumen 48 
may be provided in a manifold-like fashion wherein the openings of the plurality of ports 47 
formed in the body of the contact member 1, as is the lumen 48 which is in communication with 
each port 47. As an alternate to the plurality of ports 47, a single slot may be formed from the 
lumen 48, such that the slot runs along the greater length of the contact member 1 as shown in 
Figure 9D. 

Referring to Figure 9E, in a variation on the embodiment of Figure 9B, the lumen 48 
may be provided as a malleable tube which is separable from the contact member 1 along at least 
a malleable portion 49 of said lumen 48. In this configuration, by manipulating the malleable 
tube portion 49 of lumen 48, port(s) 47 may be selectively positioned at any point proximate to 
the contact member 1. 

Referring to Figure 9F, a manifold similar to that shown in Figure 9C, may be provided 
within the body of the contact member 1 in a configuration wherein the ports 47 are more 
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closely associated with the interconnecting shaft 2 or the shaft means 3. As in the embodiment 
of Figure 9C, the pom 47 are in communication with a lumen 48 that runs rite length of the 
shaft means 3 terminating in die plurality of pom 47. As shown in Figure 9F, the plurality of 
pom 47 may apply the positive or negative pressure from the portion of the interconnecting shaft 
2 that joins the individual contact members 1. 

Referring now to Figure 9G, as in Figure 9E, a lumen 48 having a malleable portion 49 
may be provided for selective positioning of a positive or negative pressure which may be 
applied at any point proximate to the stabilizing means of the invention by manipulating the 
position of the malleable portion 49 of the lumen 48 to selectively position port 47. _ £ 
to a similar structural configuration to Figures 9A through 9G, Figure 9H supplies * 
incandescent or fiber opdc light source 48* proximate to die contact members 1 by placing the 
Hght source within the shaft means 3 to have an opening or lens to provide light at the site of 
the stabilization. 

An additional conventional surgical apparatus which may be advantageously applied to 
„» stabilizing means of the present invention is a se.ecriv.ly posirionable surgical drape mat 
assists in providing a dry and *erile field, and which assists the surgeon during the procedure 
by visually isolating the she of the anastomosis. Figure 10A shows a retractable and extendame 
tope 50 surrounding shaft means 3. In me retracted configuration 51, shown in phantom in 
Figure 10A, the retractable drape is closely conformed to me shaft means 3 to be unobtrusive. 
Tfc tope 50 ma, be affixed to the shaft means 3 by , washer element 52 mar is directed 
aownward to deploy the drape 50. When the washer element 52 reaches me maximum 
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downward position, the retractable drape 50 is doubled over to form a portion of a circular 
covering surrounding the surgical site and generally opposite the area where the contact members 
1 abut the surface of the beating heart. An additional embodiment, shown in Figure 10B, has 
a surgical drape 50 affixed to the outer portion of each contact member la, lb. While this 
configuration is not retractable, surgical drapes 50 as shown in Figure 10B may be provided with 
structural support members 53 that provide tensile strength and shape to the surgical drape 50 
and which may provide supplemental stabilizing force by contacting the beating heart about the 
periphery of the contact members la, lb. An additional configuration for surgical drapes 50 
affixed to contact members 1 is shown in Figure 10C where a plurality of drape supports 
protrude radially from several points about the periphery of the contact members la, lb ari<h 
terminate in drape fastening means 54a at their most distal portion. A portion of the drape 50 
is attached to each drape fastening means 54a to spread the drape over the surgical site and may 
provide coverage extending in all directions outward from the contact members 1. 

Referring to Figure 11, a mechanical fixture to facilitate completing the anastomosis may 
be directly attached to the contact member 1. A separate device to facilitate completing the 
anastomosis is generally comprised of a hinged or rotatable vessel support member 55 that 
permits selective rationing of the source vessel, such as the distal end of an internal mammary 
archery or the distal end of a venous or arterial graft, proximate to the target vessel 56. The 
vessel support member 55 is oriented on the contact member 1 such that the vessel source 
brought into direct alignment with an arteriotomy formed in the target vessel 56, which is 
disposed between the contact members 1. To facilitate the completion of the anastomosis, a 
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vessel receiving member 57 is closely associated with the contact members 1 and generally 
surrounds the arteriotomy in the target vessel 56. The vessel support member 55 has an 
anastomosis coupling fixture 58 that is attached to the distal end of the source vessel and is 
shaped to be brought into engagement with the vessel receiving member 57. The anastomosis 
coupling fixture 58 is attached to the periphery of the IMA or graft such that when the vessel 
support member 55 is positioned proximate to the arteriotomy, the vessel receiving member 57 
and the anastomosis coupling fixture 58 are brought into alignment such that a fluid 
communication between the source vessel 59 and the target vessel 56 is established upon 
completion of the anastomosis. Completion of the anastomoses is facilitated by an automatic 
suturing securing mechanism 60 or other like apparatus for tightening the sutures to join the twi^ 
vessels. Preferably, the vessel receiving member 57 and the anastomosis coupling fixture 58 
are operably associated with a plurality of sutures 61 which penetrate the periphery of the 
arteriotomy formed in target vessel 56 and connect the periphery of target vessel 56 to the 
periphery of the source vessel 59. Thus, while simultaneously actuating the vessel support 
member 55, the automatic suturing device 60 brings the vessels into close conformity and 
completes the anastomosis procedure to establish fluid communication between the source vessel 
59 and the target vessel 56. 

Referring to Figure 12, a separate member for conveniently holding the source vessel 
may be provided without a dedicated apparatus for completing the anastomosis. A malleable 
wire 62 is operably affixed to the shaft means 3 or to the contact member (not shown) and has 
a source vessel holder 63 such that the source vessel 64 may be prepared and conveniently held 
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at a point away from the target vessel 56 until the surgeon is prepared to complete the 
anastomosis. Preferably, the source vessel holder means 63 is comprised of a clamp for 
gripping and maintaining the source vessel 64 in a preferred configuration prior to completing 
the anastomosis, such as by separating or spreading the tissue attached to the most distal portion 
Tf the source vessel 64 to maintain the integrity and patency of the distal end of the source 
vessel 64. 

As mentioned above, it is particularly preferred that the instruments of the invention be 
used in a minimally invasive bypass graft procedure wherein a minimal thoracotomy provides 
access to the beating heart. A minimal thoracotomy is a small surgical opening provided, 
between the ribs and is formed, to the extent possible, proximate to the target artery of tht 
beating heart where the anastomosis is to be formed. To provide access to the beating heart via 
the minimal thoracotomy, the cannula may be disposed between the ribs to provide access to the 
beating heart. Referring to Figures 13A through 13E, alternate configurations for a cannula 
disposed between adjacent ribs are shown. The embodiment of Figure 13A has a cannula 
support bracket 67 having a plurality of holes through which screws 66 may pass to provide 
means to attach the assembly to the chest such as by placing the screws in adjacent ribs 69a, 
69b. The cannula receiving assembly 67 may have one slot 65 formed therein such that one of 
the screws 66 may slide therein for spreading the adjacent ribs 69a, 69b apart. The cannula 
receiving assembly 67 provides an opening between adjacent ribs 69a and 69b such that the 
cannula 68 may be passed therethrough. Referring to Figure 13B, in an alternate embodiment, 
the cannula receiving assembly 67 is replaced by a cannula 68 surrounded by a large thread 
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means 70. The distal end 71 of the cannula 68 may be inserted between the ribs and rotated 
such that the thread means 70 cause cannula 68 to be advanced between the adjoining ribs 69a, 
69b, and by virtue of the expanding diameter of the thread means 70, to spread adjoining ribs 
69a, 69b apart while positioning the cannula 68 therebetween. In yet a further embodiment, in 
Figure 13C, a cannula assembly 75 is provided having a claw mechanism comprised of opposing 
blades 73 and interlocking member 72. Adjacent ribs 69a, 69b are engaged by opposing blades 
73, and, by forcing the cannula 68 downward, the opposing blades 73 rotate outwards until a 
locking member 72 fixes the position of the opposing blades 73 in a locked and opposing 
relationship as shown in Figure 13D and 13E. Thus, by forcing cannula 68 downward, adjacen£ 
ribs 69a and 69b are spread apart by opposing blades 73 and the cannula assembly 75 is fixe^ 
in position by locking member 72 such that cannula 68 is positioned to provide access to the 
beating heart. 

A modified large diameter cannula having an extended vertical height, may perform 
several functions in a ininimally invasive CABG procedure. For example, referring to Figure 
14, an enlarged cannula 74 may be provided in the shape of an inverted cone structure having 
an enlarged proximal opening 76 with an enlarged diameter, and a distal opening 75 having a 
reduced diameter and where said distal opening 75 abuts the surface of said beating heart. By 
exerting a downward force on the inverted, enlarged cannula 74, the inverted conical shape of 
the cannula 74 forcibly spreads adjacent ribs 69a, 69b, and provides a stabilizing force when the 
distal portion 75 contacts the surface of the beating heart. Surgical access to the stabilized heart 
is provided through enlarged proximal opening 76. 
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Figures 15A and 15B show an embodiment of the invention in use with a conventional 
cannula. In Figure 15A, a conventional cannula 77 is inserted through a puncture incision in 
chest wall 80. The distal end of the stabilizing means 78 (similar to Figures 31 A and 3 IB 
below), is introduced in a contracted configuration through the cannula 77 to bring the distal end 
thereof in contact with the surface of the beating heart 79. Referring to Figure 15B, the 
stabilizing means of the invention are fully inserted through the cannula 77 and manipulated to 
bring the contact members 1 into contact with the surface of the beating heart 79. By 
manipulating handles 81 of the stabilizing means, the contact members 1 are spread apart at the 
surface of the beating heart to provide the stabilizing function during the surgical procedure. . 

Where a minimally invasive procedure is employed, the means for stabilizing the beating 
heart of the invention are preferably provided in an embodiment where the contact members 1 
that engage the surface of the beating heart are inserted and withdrawn from the surgical field 
in a position or a configuration having a reduced dimensional profile, Le., a reduced effective 
diameter when inserted and removed from the thoracic cavity. For example, these embodiments 
are particularly useful when the surgery is performed through a plurality of puncture incisions. 

In the embodiment of Figures 16A through 16E, a pair of rectangular, and substantially 
planar contact members la, lb are disposed within a generally cylindrical main shaft 82. In the 
retracted configuration shown in Figure 16A, each contact member la, lb is rolled into a 
collapsed, annular configuration to reduce the effective diameter of the device by having the 
contact members la, lb maintained within the shaft 82 when the device is inserted through an 
incision. In this configuration, each contact member la, lb is attached to a central shaft 83 by 
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a connecting shaft 2 which has a tensioning wire 84 or spring mounted to the connecting shaft 
2 and the central shaft 83 to deploy each contact member la, lb when the central shaft 83 is 
extended from the substantially cylindrical main shaft 82 in which the contact members la, lb 
are originally retained. Thus, in use, the contact members la, lb are maintained in the retracted 
annular configuration of Figure 16A until deployed within the surgical field as shown in Figures 
16B through 16E, by extending the central shaft 83 downward causing the contact members la, 
lb to be deployed below the main shaft 82. The contact members la, lb unfold from their 
annular configuration and deploy into their substantially planar shape as shown in Figure 16C. 
The contact members la, lb rotate into position relative to the central shaft 83 by the tensioj 
in wire or spring 84 which is preferably disposed to act upon the connecting shaft 2 to caus^ 
contact members la, lb to be fixed in a substantially parallel position to one another and 
substantially co-planar with the surface of the beating heart as shown in Figures 16D and 16E. 

Thus, Figure 16A shows the contact members la, lb in their collapsed or retracted 
position. Figure 16B shows the contact members in the process of being deployed as the central 
shaft 83 is extended from the bottom of the main shaft 82. Figures 16D and 16E show the 
tensioning wire 84 for repositioning the contact members la, lb in the desired position for use 
in surgery. Figure 16C shows the central shaft 83 fully extended from the bottom of the body 
of the main shaft 82 causing the deployment of the contact members la, lb into the desired 
configuration for stabilizing the beating heart. 

Preferably, the connecting shaft2 joining the individual contact members la, lb is hinged 
85, such that upon completion of the anastomosis, the contact members la, lb may be 
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withdrawn by pulling the central shaft 83 upward relative to the main shaft 82 and into the body 
of the device, thereby causing the contact members la, lb to be removable in a low-profile 
configuration. 

Referring to Figures 17A through 17D, a similar strategy as is shown to Figures 16A 
through 16E is used whereby a pair of contact members la, lb are deployed by a main shaft 86 
within a hollow portion of the body 87 of the device. In the embodiment shown to Figures 17A 
through 17D, a pair of non-flexible contact members la, lb may be provided to stabilize the 
beating heart to a minimally invasive environment by confining the contact members la, lb in 
a body or housing 87 which is inserted through the minimally invasive incision. In this, 
embodiment, the contact members la, lb are mounted to a central shaft 86 by virtue of a pi* 
or hinge 88 which affixes me end of the contact members la, lb to the central shaft 86 such that 
the contact members la, lb may be deptoyed by rotating around the pin or hinge 88 when toe 
shaft 86 is extended downward from toe body 87 of the device. The opposite portion of the 
contact members la, lb (most distal from the hinge) may fit within a guide fixture 89 
concentrically associattd with toe central shaft 86 that rotate the contact members la, lb in the 
desired configuration prior to deployment. In use. the central shaft 86 telescopes from an 
opening in toe distal end of toe body or housing 87 of toe device b, a distance at leas, as great 
M toe overall length of toe contoct members la, lb, at which point toe contact members la, lb 
my be deployed and locked into position, for example, in an orientation substantially 
perpendicute to the shaft as shown in Figures 17A and 17C. Once fixed in position by loclctog 
roeohanism 90 as shown in Figure 17C, toe cential shaft 86 may be rotated using toe guide 
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fixture 89 which is positioned downward to engage the contact members la, lb. Thus, the guide 
fixture 89 engages the contact members la, lb, the pin 88, or the locking mechanism 90, and 
by applying mechanical force, the position of the contact members la, lb may be adjusted. 
Upon removal, the central shaft 86 is withdrawn into the body 87 of the device. Alternatively, 
the housing 87 may disengage the locking mechanism 90 from the guide fixture 89 releasing the 
position of the contact members la, lb thereby allowing the contact members la, lb to be 
returned to their original or other configuration that allows the contact members la, lb to be 
drawn into the body of the device 87 to facilitate minimally invasive removal thereof. 

Figures 18 A through 18D are an analagous embodiment having contact members la, lb 
retained in the undeployed configuration suitable for insertion through a minimally invasiv$K 
incision. As shown in Figures 18A and 18B, the contact members la, lb may be maintained 
in a retracted position such that the length of the contact members la, lb is substantially parallel 
to the central shaft 92. The proximal end of each contact member la, lb is affixed to the guide 
fixture 93 while the distal end (below the hinge at central portion 91) has the bottom surface 4 
formed therein and is affixed to the distal end of the central shaft 92. Referring to Figure 18C, 
the contact members la, lb are deployed by the downward motion of the guide fixture 93, such 
that the contact members la, lb fold about the central portion 91. When the guide fixture 93 
is fully extended downward, the contact members la, lb are formed of a pair of two-part 
structures wherein the lower structure contains the bottom surface 4. 

Figures 19A and 19B are an additional embodiment having foldable contact members la, 
lb wherein a central shaft 94 is affixed to a plurality of hinged struts 95 that are connected to 
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opposite ends of contact members la, lb about a hinged central portion 96. When the central 
shaft 94 is extended downward, the hinged struts 95 deploy outward. As shown in Figure 19A, 
the individual contact members la, lb fold at the central hinged portion 96 to reduce the overall 
dimensional profile of the device for minimally invasive insertion or removal. When fully 
deployed (Figure 19B), the contact members la, lb are extendable to a substantially planar 
configuration as with other embodiments disclosed herein. 

Figures 20A through 20E show the central shaft 97 and contact members la, lb with 
alternate configurations for positioning the contact members for minimally invasive insertion and 
removal. Referring to Figure 20A, first hinges 98 are provided in the connecting shaft 2 such 
that the contact members la, lb can be rotated approximately 90° out of their co-plana^ 
configuration. A second hinge 99 is provided between the shaft means 3 and the connecting 
shaft 2 to tilt the distal end of the contact members la, lb downwards as shown in Figure 20C. 
The embodiments of Figures 20D and 20E are modified such that two interconnecting shafts 2a, 
2b maintain the contact members la, lb in slightly separate, yet parallel, vertical positions. A 
single hinge 100 with a vertical axis of rotation allows the contact members to be brought into 
close conformity before being tilted downward. 

Figures 21A through 21C show a deployable stabilizer of the invention having contact 
members comprised of a single continuous wire 101 that is deployable from within a housing 
or body 102 which is ideally inserted through a minimally invasive incision. As shown in 
Figure 21A, the single continuous wire 101 may be coiled and contained within the housing 102 
such that the dimensional profile of the stabilizer is minimized for insertion. The wire 101 
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which forms the contact member(s) of this embodiment is preferably round and smooth, and may 
be formed of a material such as Nitinol that is collapsible, and deployable into a pre-determined 
shape. As can be seen in Figure 2 IB, following insertion, the wire 101 is extended from the 
body 102 of the device to form at least one loop 103 wherein at least one side 104 of the loop 
103 contacts the surface of the heart. Preferably, at least two loops 103 extend from the body 
102 of the device and are formed from a single wire 101. In this configuration, maximum 
stabilization is achieved if substantial portions of the sides 104 of both loops 103 contact the 
beating heart proximate to the target vessel. As in the previous embodiments, the insertion and 
removal of the stabilizing device through a very small incision is least traumatic when the 
dimensional profile, or effective diameter, of the contact members in a retracted configuratid^ 
is not substantially greater than the dimensional profile or diameter of the body 102 of the 
device. Thus, as can be seen in Figure 21C, the contact members of the embodiment of Figures 
21A through 21C are drawn upward by exerting force on the wire 101, the contact members 
comprised of loops 103 are drawn into a configuration which is in alignment with the body 102 
of the device such that their removal may be achieved through a puncture incision with minimal 
additional trauma to the patient. 

In addition to a single continuous wire 101, the contact members may be formed of a 
helical wire coil 105 as shown in Figures 22A through 22C. As in the embodiments described 
previously, the contact members la, lb are deployed by extending a tubular central shaft 106 
through a body or housing 107 of the device to deploy the contact members la, lb. The 
downward motion of the central shaft 106 is terminated by the contact between a stop 109 and 
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the distal end of the body 107. The contact members la, lb are withdrawn into the body 107 
of the device upon completion of the surgical procedure by pulling the central shaft 106 
vertically through the body 107 of the device. A predetermined curve in the helical coil 105 
may be provided by spacing members 108 placed between adjacent individual loops 105a and 
105b of the helical coil 105. The central locking wires or cables may be tensioned upon 
deployment to increase the rigidity of the structure. 

An additional configuration for minimally invasive insertion and removal is shown in 
Figures 23A and 23B wherein the contact members la, lb are formed of an inflatable balloon 
110 that is pre-shaped to provide any desired configuration of the contact members la, lb. 
Figure 23A shows a pre-formed inflatable balloon 1 10 in an inflated state and extended from'thl* 
housing 111. Inflation is achieved by a central lumen 1 12 disposed within the central shaft 111. 
Figure 23B shows the inflatable balloon 111 in an uninflated state for insertion or for removal. 

Referring to Figures 24A and 24B, an inflatable contact member may also be provided 
by a cuff 113 which is positioned such that the circumference of the cuff 113 contacts the 
beating heart about its periphery. Preferably, the target vessel 114 is positioned to bisect an 
annular cuff 113 to provide maximum stabilization. Additionally, referring to Figure 24B, 
separate contact members la, lb, as previously described herein, may be integrally formed with 
the cuff 113 by mounting the contact members la, lb in the wall of the cuff 113 to extend into 
the interior thereof. 

Figures 25 A and 25B illustrate an embodiment of the invention which provides minimal 
trauma to the patient during insertion and removal of the stabilizing means by containing a 
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simple stabilizer in an instrument having a housing 115 with an extremely limited cross-section 
such that the instrument can be inserted through an extremely small incision. In this 
embodiment, the entire stabilizing means is contained within the hollow housing 115 and is 
comprised of a pair of contact members la, lb which are joined at the most distal end thereof. 
As can be seen in Figure 25B, the contact members la, lb are formed from a unitary shaft 116 
having a divided portion 117 at the distal end such that upon deployment from the housing 1 15 
of the device, the divided portion 117 splits into two contact members la, lb joined at their most 
distal tip 118 and which may be brought into contact with the beating heart along the divided 
portion 117 of the unitary shaft 116. 

-i 

In addition to the friction means or cushioning members described above in Figures - 11^ 
through 1G and Figure 3, sutures may be used to attach or position epicardial tissue relative to 
a contact member 1 to enhance the stabilization function of the invention and to position 
epicardial tissue or the target vessel of the anastomosis. Figure 26A, 26B, and 26C are 
embodiments where means for fixing the position of epicardial tissue is comprised of sutures 119 
used in combination with the contact members la, lb to stabilize and position tissue surrounding 
the site of an anastomosis and the target cardiac artery. In Figure 26A, a series of sutures 119 
is placed through the epicardial tissue (not shown) and looped around the contact members la, 
lb to effectively position several points on the surface of the beating heart in fixed relationship 
to the contact members la, lb. In Figure 26B, the contact members la, lb and optionally the 
shaft means 3 associated therewith have passages 120 formed therein through which a suture line 
119 may be passed. In the particular example of Figure 26B, a single suture 119 is passed 
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through the body of the shaft 3, exits from within the first contact member la through a passage 
120 formed therein, passes underneath the target vessel 121, emerges from an opposite side of 
the target vessel 121, and enters a passage 120 in the opposite contact member lb joined to the 
first contact member la by the connecting shaft 2. The suture 119 exits the opposite contact 
member lb again passes beneath the target vessel 121, reenters the first contact member la at 
a separate passage 120, and passes through the body of the first contact member la and into the 
shaft means 3. In this configuration, the suture lines may be manipulated by the surgeon from 
a remote location, such as external to the incision in the chest, to remotely position the vessel 
by drawing tension on the suture line 119, Figure 26C shows a similar arrangement for the 
suture line 119 as in Figure 26B, however in Figure 26C, apertures 122 in the body of thi^ 
contact member 1 are used to select the direction of the suture 119 rather than having passages 
120 which traverse the body of the contact member 1. Also, in this or the other embodiments, 
a separate sliding shaft 123 may be provided that gathers and is traversed by the sutures 119. 
The step of drawing tension on the suture line 119 is facilitated by advancing the sliding shaft 
123 to abut the contact member 1 and exerting a small downward force on the sliding shaft 123 
while exerting an upward force to draw tension on the suture line(s) 119. By maintaining 
downward force on the sliding shaft 123, the target vessel 121 is raised while the potential for 
displacing the contact member 1 is minimized because the upward force exerted on the suture 
lines 119 is countered by the downward force exerted on the sliding shaft 123. 

Referring to Figures 27A and 27B, a modification of the contact member 1 of the 
invention may be provided by a structure formed at the distal end of the shaft means 3 and 
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which is inserted directly into the arteriotomy 124 formed in the target vessel. This intra vessel 
stabilizer 126 has a body designed to fit conformingly about the interior of the target vessel, and 
may be in communication (including fluid communication) with a hollow portion of the shaft 
means 3. The body 126 of the intra vessel stabilizing means may be a substantially cylindrical 
lumen as shown in Figure 27B and should have an overall length which is greater than the length 
of the incision creating the arteriotomy 125. Additionally, in the embodiment of Figure 27B, 
the intravessel stabilizer 126 may be perpendicular to the shaft means 3 and have cuffs 127 at 
the distal end of the body 126 to provide conforming engagement with the interior of the target 
vessel. As shown in both Figures 27A and 27B, this embodiment of the stabilizing means of 
the invention is preferably used in connection with a plurality of sutures 128 that penetrate th$h 
edges of the target vessel about the circumference of the arteriotomy 125. By exerting pressure 
on the shaft means 3 and the plurality of sutures 128, the target vessel is stabilized, and its 
position may be manipulated, to facilitate completion of the anastomosis. 

In addition to stabilization of the beating heart proximate to the target vessel of the 
anastomosis, additional fixtures, structures or elements associated with the contact members 1 
can be used to retract or fix epicardial tissue proximate to the target vessel and the site of the 
anastomosis by using a means for gripping epicardial tissue at the surface of the exterior of the 
heart. The means for gripping may be provided by several different embodiments. For 
example, Figure 28A shows a functional clamp 128 formed by a crimping contact member 1 that 
has a fold 129 disposed longitudinally at the center of the length of the contact member 1. 
When force is applied to the sides of the contact member 1 opposite the fold 129, the crimping 
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action of the contact member 1 grasps the epicardial tissue 130 at the heart surface 131 and 
contains it within the folded contact member 132. In another embodiment, as shown in Figure 
28B, a plurality of open passages 133 are provided in a contact member 1 that has a slidable 
member 134 disposed within a slot 135 formed within the contact member 1. When sufficient 
force is exerted in a downward direction on shaft 3 to force epicardial tissue 130 through the 
open passages 133, the slidable member 134 then may be actuated to grip the tissue 130 
contained within the open passages 133. By gripping a portion of epicardial tissue 130, the 
tissue may be spread to more readily expose the target vessel 136 of the anastomosis. 

A similar function is provided by a pair of contact members 1 that are formed of circular 
rollers 137 that lie longitudinally parallel to the direction of the target vessel 136 as shown in 
Figures 29A and 29B. The contact members 1 may be comprised of movable rollers 137, belts, 
or pivoting surfaces that may be rotated independently about an axis 138 dedicated to each 
contact member 1 such that the epicardial tissue 130 is gathered or spread, depending on the 
respective directions of rotation of the rollers 137, as desired at the surface of the heart to 
expose the target vessel 136. As will be apparent to those skilled in the art, each of these 
embodiments may be provided with contact members 1 that are independently movable in a 
parallel, V-shaped, or other adjustable configuration as described and illustrated herein. 

Referring to Figure 30, the contact members 1 may be further comprised of a spring- 
tensioned frame 139 having a movable frame extension 140 which may have pins or an 
associated friction means 4 at the bottom surface 4 of the contact members la, lb to engage the 
tissue proximate to the target artery. The movement of the frame extension 140 is tensioned by 
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a spring mean, 141 which draws the frame exrension 140 toward the contact member 1 after the 
frame extension 140 has been manually positioned to engage me tissue. The use of mis 
embodiment of the invention is me same as is descried for the other embodiments herein, with 
the.frame extension 140 providing the improved exposure of the target artery by retraction of 
to epicardial tissue. As with to other, .embodiment the conact members 1 may be artached 
a, one end by a connecting shaft 2 which is adached to a shaft means 3 as de*ribed above. The 
connecting shafts 2 ma, also be positioned relative to one another by a conventional threaded 
post 142 with a positioning thumbscrew 143. 

Referring to Figures 31A and 31B, the stabilizer means may also be comprised of « 
single shaft means 3 connected to each contact member 1, In a preferred embodiment me shaft 
m eans 3 are interconnect a. an intermediate pivot point 144 which permits the contact 
ambers 1 to be continuous., positioned in parallel fashion relative to one another. The 
proximal (upper) porrion of to individual shaft means 3 may have grips adapted to be grasped 
b, the hand or ma, have an anchor portion 145 for adachmen. to a retractor or other fixed 
support. As with to other embodiments described herein, to lengmof to shaft mean* 3 may 
be adjusmble by a conventional telescope configuration. In such a configuration, a firs, shaft 
,48 has a partially hollow segment 147 adapted to receive the complimentary portion of to 
second shaft 148. Either firs. 146 or second 148 shafts may be connected .o to contac. 
members 1 and may each have a conventional interlocking mechanism 151 to fix to relative 
positions of to shafts. The shaft meat* 3 ma, also have a Zoning spring mechanism .50 
having an axis 149 which is displaced between a portion of to shaft means 3 affixed to to 
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this configuration, the contact 



members 1 remain tensioned against the heart proximati i to the anastomosis site when the 
proximal end of the shaft means 3 is affixed to a stabje support. This embodiment also 
preferably has a friction means as described above affix jd to the bottom surface 4 of each 
contact member 1. An additionaLaiivantage of this embodjment is derived from the capability 
to move the contact members 1 apart from one another in la parallel configuration. Thus, the 
contact members 1 can first be positioned to engage the sui^ace of the heart tissue, followed by 
the application of a stabilizing force in combination with spreading or joining of the proximal 
(upper) end of the shaft means 3. Application of a stabilizing force causes the tissue on either 
side of the target artery to be spread or compressed whib the heart is stabilized. Thus, by 
coincidentally spreading or joining the proximal portion If the shaft means 3, the epicardial 
tissue engaged by the contact members 1 is stretched or coi 
improved exposure and positioning of the target coronary 

Referring to Figures 32A through 32C, the contalt members 1 may have associated 
therewith additional structures which serve to position or rtetract epicardial tissue, at or around 
the surface of the heart, particularly tissue in the vicinity off the site of the anastomosis. Often, 
the surgeon wishes to retract the epicardial tissue near the jarget vessel to increase exposure of 
the vessel where the anastomosis is to be performed. Add itionally, these associated structures 
provide an additional amount of stabilization by actually pe letrating the tissue at the outer layer 
of the heart and holding the tissue in close conformity to t le contact member. 

Referring to Figure 32A, epicardial tissue retracto| are provided by a series of curved 
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pins 152 which generally extend from one contact member la to the other lb by virtue of a 
guide 153 attached to the bottom of each contact membeff 1 and which is dedicated to a single 
pin 152. In this embodiment, a plurality of pins 152 are substantially parallel to one another and 
may- be inserted and positioned to pass beneath the vessel where the anastomosis is to be 
performed. In this fashion, the surgeon can position the < essel, Jby J4Etefi of the tissue engaged 
by the pins 152 and the contact members la, lb in by direction. This embodiment is 
particularly useful to vertically displace the tissue, in a direction perpendicular to the shaft 
means 3. 



An additional embodiment is shown in Figure 32B, 



whereby a plurality of short pins 154 



extend down from the bottom surface 4 of the contact member 1 to enter the epicardial tissue. 
The short pins 154 may extend in a direction substantial^ perpendicular to the surface of the 
tissue and the bottom surface 4 of the contact member 1, tor may be angled outward to engage 
the tissue. The advantages of this embodiment are best utilized with a stabilizing means wherein 
the individual contact members la, lb may be selectively positioned such that the distance 
between the individual contact members is varied. Thus 
brought into contact with the surface of the beating he 
members la, lb apart from one another to provide retra| 
tissue. This is readily achieved in the embodiment of Figiire 32B, wherein a single shaft means 
is dedicated to each contact member la, lb, respectively a|id the individual shafts are joined by 
an intermediate pivot point 155. 

A similar embodiment is shown in Figure 32C, hoover, in this embodiment, while each 
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dedicated to the first contact member 
ie second contact member lb. In this 



configuration, each shaft 156, 157 may be individually tptated about the other to provide a V- 



sfiaped retraction of the epicardial tissue. In this embod: 
are preferably similar in structure and orientatiocLto the 



lent, the epicardial retractor pins 154 
lament of Figure 32B. The pins 
in both designs could alternatively be curved or angled inward, and the contrast members 1 
moved toward each other, providing a. compression of th s epicardium to stabilize the tissue and 



present the anastomosis site to best advantage. This acti 
flow in the coronary artery, nunimizing blood loss and 



in may also serve to occlude the blood 
ibstructions of the visual field. I 



Referring to Figures 33A and 33B, the stabilizer means may comprise at least one 



shaft means 3 and which may be used 
target artery while the anastomosis is 



stabilizer plate which is attached to a stable support by tbi j 
with a lever member 158 for improving exposure at the 
completed. In this embodiment, the means for stabilizing j the beating heart comprises a left and 
right stabilizing plate 159, 160 which are oriented to exe rt a downward force on the epicardial 
tissue at either side of the target artery at the anastomos !s site and which may be substantially 
planar or may be curved to conform to the surface of the • 



plates 159, 160 may have an edge 161 deflected downwaid along its length so that the edge 161 



heart. One or both of the stabilizing 



he exposure of the artery during the 
of the stabilizing plates 159, 160 has 



depresses the tissue proximate to the artery to increase 
completion of the anastomosis. Preferably, the edge 161 
a separate lever member 158 running substantially parblei to the artery and on both sides 
thereof. The top portion of each lever member 158 co|tacts the underside of the stabilizing 
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plates 159, 160. In this embodiment, the lever member 1)8 is substantially cylindrical, traverses 
the stabilizing plate along its length, and is oriented tb be parallel to the edge 161 of the 
stabilizing plate 159, 160. The lever member 158 is fixpd in place, and may be affixed to the 
heart by a suture. In such a configuration, each of the s tabilizing plates 159, 160, which is 
contact j?«th the lever member 158 along its length, cor jtacts the heart such that the edge 161 

depresses the tissue on both sides of the target coronary 1 o restrict the movement of the beating 

s 

heart. The stabilizing plates 159, 160 can be attached to <}ne another or can move independendy 
as desired. 

Opposite the edge 162, at a point separate from 
plates 159, 160 are connected to a shaft means 3 which 
position and which may be manipulated relative to the le|er member 158 to cause the edge 161 
to engage the heart. The shaft means 3 is preferably affixed to each stabilizing plate 159, 160 
at a point opposite the edge 161 and removed from the point where the lever member 158 

i 

contacts the stabilizer plates 159, 160 at a location to rpaximize leverage when the stabilizer 
plates 159, 160 are drawn upwards at the point of attaciinent of the shaft means 3. The shaft 
means 3 may be constructed as described elsewhere hereib and should be of sufficient length to 
facilitate manipulation of the shaft means 3 by the surgeo i. As noted, the shaft means may also 
be attached to the retractor to fix movement of the stabilizing plates 159, 160 during the 



fhe lever member 158, the stabilizing 
tolds the stabilizing plates 159, 160 in 



i, 



procedure. 

In a preferred embodiment, the length of the sha 
retractor or other stable support. For example, the shaft 
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i means 3 is adjustable relative to the 
I aeans 3 may be telescopic as described 



above or may be comprised of a hollow post 163 which 
turn fixed to the retractor. The rigid shaft 164 may also 
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receives a rigid shaft 164 which is in 
be substantially hollow and may have 



a suture or other line 165 passed therethrough and whiclj also passes through the length of the 
hofifow post 163. In this configuration, one end of the jsuture or line 165 is attached to the 
■stabilizing plates 159, 160 and the other end extends though the hollow post 163 or tho-rigid 
shaft 164 to a position where it may be manipulated by the surgeon. The position of the 
stabilizing plate 159, 160 may thereby be remotely actuated. By drawing tension on the suture 
or line 165, the stabilizing plate 159, 160 pivots about tlje lever member 158 and the edge 62 
of the stabilizer plates 159, 160 depress, the tissue on either side of the target artery. - 
Referring to Figures 34A through 34E, a lockable ijiechanism may be provided to depress 
tissue on either side of a target vessel by a movable edge 
177 which rotates about a support member 178 by me; 
member 178 may be affixed to the upper surface of a cc ntact member as described herein or 
may itself comprise the contact member. In use, as sh< wn in Figure 34B, the block 177 is 
rotated about the support member 178 using hinge pin 17| until the movable edge 176 contacts 
the surface of the heart parallel to the target vessel 180 (I igure 34C). The moveable edge 176 
and block 177 are fixed in place by depressing locking niember 181 to force the block 177 to 
rotate until an interconnecting member 182 extends the b! Dck 177 and edge 17 to fully depress 
the tissue proximate to the target vessel 180. At this point, and shown in Figure 34D, the 



76 formed along the edge of a block 
of a hinge pin 179. The support 



locking member 181 fixes the interconnecting member 18; 



in place (Figure 34E). The position of the block 177 ma4 be released by actuating the locking 
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in an extended position and is locked 
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member 181 to release the interconnecting member 182. 

Due to the fact that the heart continues to beat diting the CABG procedures described 
herein, features of the invention which provide the capabil jty to manipulate the target vessel, and 
to xontrol the flow of blood therein, may greatly facilitate an efficient completion of the 
anastomosis. For example,- additional somponents associated with the contact members 1 may 
be used to occlude the target vessel during the anastomosis procedure. Any of a variety of 
fixtures may be provided to operate in association with 
order to occlude the vessel that is the target of the anasto 

Referring to Figure 35, a stabilizing means 166 is 
is substantially planar and has a substantially rigid surf ice 167 having a centrally disposed 
opening 168 in which the target artery of the anastomosis is positioned longitudinally through 
the opening. At either or both ends of the centrally dis fosed opening 168, an occluder 169 
extends below the surface 167 and engages the target artei y to substantially reduce or eliminate 
the flow of blood through the artery. The occluder 16 ► is a deformable member having a 
smooth outer surface for adjustably contacting and depressing the target artery without damaging 

; I 
j ' 

the tissue. The planar surface 167 of the stabilizing means 



an opening which traverses the entire planar surface 167 so that the graft can be passed through 



the aperture 170 when the anastomosis is completed. The 



contact members of the invention in 

losis. 

imprised of a contact member which 



a mounting surface for springed tissue retractors 171 con prising a coiled spring 172 attached 



also has an aperture 170 comprising 



planar surface 167 may also provide 



to the planar surface at one end and having a hook or pin 
spread the tissue proximate to the anastomosis site to impi 
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173 at the opposite end to engage and 
rve the exposure of the target artery. 
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The planar surface 167 is attached to a post 174 which Lay be attached to a stable support such 
as a rib retractor. The planar surface 167 may also ha|e at least one port 175 for receiving a 
suture line. 

— Referring to Figure 36, the stabilizing means ma^ have operably associated therewith an 



artery occluder 183, which is preferably attached to the 



bntact members 1 or to the connecting 



shaft 2. The artery occluder 183 may comprise a semi-ijtgid member which has a blunt portion 
184, which may be positioned such that the blunt portiof 184 engages the target artery 185 and 
compresses the target artery 185 to a point causing occasion of the target artery 185 passing 
between the contact members 1 such that the blood fl|w through the artery is substantially 
reduced or eliminated. Preferably, the occluder 183 has h shaft portion 186 which traverses the 
connecting shaft 2 such that the blunt portion 184 of thi occluder may move from above the 
level of the target artery 185 to a point below the leVj^l of the original vessel sufficient to 
occlude the blood flow through the vessel. 

Referring to Figure 37A, a concentrically movabl< 
means 3 to which the contact members 1 are connected. 
188 is positioned directly between and parallel to the longludinal or greater length of the contact 
members 1. When so positioned, the concentric shaft U 7 within the main shaft means 3 may 
be pressed downward such that the distal end 189 of th< concentric shaft 187 encounters the 
vessel 188 and compresses the vessel, thereby occluding the vessel 188 to substantially prevent 
the flow of blood therethrough. This embodiment has the advantage that the amount of 
occlusion is continuously variable by varying the force a pplied and the distance by which the 
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shaft 187 is disposed within the shaft 
In this embodiment, the target vessel 



is not deployed downward, the vessel 
iontact members 1. Occlusion of the 
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concentric shaft 187 is depressed relative to the shaftjj means 3. Figure 37B is a similar 
embodiment of the invention whereby a means for occluding the vessel is affixed directly 
proximate to the contact members 1. In the example of 1 figure 37B, a pushboit 195 is disposed 
oirthe connecting shaft 2 that joins opposing contact members 1 and is generally positioned in 
a raised portion thereof such that when the pushboit 190 
remains in its native position when oriented between the 
vessel 188 is achieved by pressing the. pushboit 190 dowji until the lower portion 191 engages 
the vessel 188 when the vessel 188 is disposed bettjeen the contact members 1. This 
embodiment provides the ability to occlude the vessel 188 both proximal and distal to an 
arteriotomy 191 in the target vessel 188 at the site of the a lastomosis. Referring to Figure 37C, 
a similar embodiment is provided by a roller 192 or clip njechanism 193 which is affixed to one 
or both contact members 1, for example by a hinge 194, winch is selectively movable, to contact 
the target vessel 188 at a point either proximal or distal (Jr both to the arteriotomy. 

In addition to positioning the target vessel for per|onning the anastomosis as shown in 
Figures 26A through 26C above, sutures associated with the stabilizer may be used to occlude 
the vessel to permit the anastomosis to be performed in a bloodless field. Referring to Figures 
38A and 38B, an embodiment of the invention may ha\e a flange 195 protruding from the 
contact member 1 to permit silastic vessel loops or sutui ss 196 to be drawn about the target 
vessel 197 and the flange 195. To occlude the vessel 19' the suture 196 is passed around the 
vessel 197 and drawn tight around the flange 195. To facilitate occluding the vessel, a sliding 
shaft 198 may be used to surround the sutures 197 such 
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hat the suture lines 196 traverse the 
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i ■ . 
length of the sliding shaft 198 and extend out the bottojn to surround the vessel 197. In one 

embodiment, as shown in Figure 38B, the shaft 3 of the sjabilizing means has a movable rod 198 

having suture guides 199 disposed therein or operably associated therewith for adjusting tension 

orrthe suture lines. The movable rod 198 may be concen Ideally disposed within the shaft means 

3 such that downward pressure on the shaft means 3 anh upward pressure on the sliding shaft 

196 draws tension on the sutures 196 to occlude the ves|el 197. 

Figure 39 shows modifications to the upper sur|ce of contact members la, lb of the 
invention wherein fixtures 201 are adapted to provide J resting place or attachment point for 
other surgical instruments such as scissors 202, forceps 1)3, or sutures and suture needles 204; 
Preferably, the fixtures 201 are magnetic to facilitate re|ining metallic surgical instruments in 
conforming contact with the upper surface of the contact j member 1. 

Referring to Figure 40, the contact members 1 of the invention and/or the shaft means 
3 to which the contact members 1 are attached may be prlvided with one or more flexible joints 
205 that permit positioning of either the contact member! 1 or the shaft means 3 about an axis. 



where the shaft 3 engages the contact 
shaft 2 engages the shaft means 3, or 



Preferably, the flex joint 205 may be provided at the poir 
member 1 (not shown), at the point where the connecting 
at the point where the connecting shaft 2 is attached to tk contact members 1. 

Thus, in the embodiment of Figure 40, the flexibl| joint 205 provided at the point where 
the connecting shaft 2 is attached to each contact memb| 1 allows the connecting shaft 2 and 
the shaft means 3 to be tilted about an axis which is perpendicular to the target vessel. The 
flexible joint 205 provided at the point where the shaft fcieans 3 is attached to the connecting 
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shaft permits the shaft 3 to be tilted from side-to-side relajjive to the connecting shaft 2. In the 
embodiment of Figure 40, or in the embodiments descri|ed herein having hinges or flexible 
joints, the hinges or flex joints may be replaced by conve|tional lockable joints 206, as shown 
in-Rgure 41, that are selectively locked and unlocked mechanically as with forceps 207. 



below, the shaft means 3 may be 



f 

As can be seen, such occluders are similar to the seizing contact members 1 described 
in several other embodiments herein, and can be expected |o provide significant stabilization of 
the beating heart. These occluders can be used in conjunction with other stabilizing means or 
independently. They may be placed beside, rather than ipon, the coronary artery to provide 
stabilization without occlusion, if desired. In like fashioi, most of the contact members 1 of. 
other embodiments will provide some occlusion of blood fl|w if placed upon, rather than beside , 

the target vessel. 

As will be described in individual embodiments 
attached, to or comprised of, a conformable arm which is ised to position the contact members 
against the heart, and then to lock the stabilizing means in i free once a stabilizing force has been 
exerted. The conformable arm is flexible and lockable S jnd may have several configurations 
including a plurality of links, segments, or universal jointi in serial configuration and having a 
cable fixture passed through the interior of the links whidji causes the entire conformable arm 
to become rigid by tightening the cable fixture. Also, the 

of a synthetic gel or polymer contained within a confolable cylindrical housing and which 
becomes rigid upon exposure to light or heat, such as the ccj^ercially available Dymax 183-M 
Where the shaft means 3 is further comprised of the conforjnable arm, the conformable arm may 
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be attached directly to the connecting shaft 2 or the contbt members 1 
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vention is a means for stabilizing the 
flexible, lockable arm 208 having a 



Referring to Figure 42, this embodiment of the ii 
beating heart wherein the shaft means is comprised of a 

I 

pliffality of interconnecting links 209 which allow positidjndng of the flexible arm 208 in every 
direction until the desired configuration is achieved at which point the flexible arm 208 may be 
locked into fixed configuration by tightening a cable fixture (not shown) attached to a cable 210 
running axially through the interconnecting links 209. E|ch interconnecting link is comprised 
of a ball portion 21 1 and a receiving portion 212 such that fhe ball portion 21 1 fits conformingly 
within the receiving portion 212. The proximate (uppermost) end of the flexible, lockable ami 



208 can be attached to a stable support, or to the retraci 



flexible, lockable arm 208 is a series of interconnecting links 209 having a cable 210 running 



through the center of each interconnecting link 209 such 
cable 210, the flexible, lockable arm 208 is fixed in a rig 



»r. In a preferred embodiment, the 



that when tension is exerted on the 
k position. Figure 42 also shows an 



embodiment of the invention wherein the contact members 1 are comprised of a pair of 



substantially parallel elements la, lb which are positioned 



which is affixed to the surface of the heart. In this embodiment, the snap fixture 213 is 



positioned between the two parallel elements la, lb of the 
position of the heart tissue relative to the contact members 
contact members 1 are preferably oriented in a substanti 
artery of the anastomosis passing therebetween. The snap 



to receive a simple snap fixture 213 



:ontact member 1 , in order to fix the 
1. As in the above embodiment, the 
ly parallel fashion with the target 
fixtures 213 are affixed to the heart 



by a suture, wherein the suture line 214 may then also be Attached to the contact member 1 via 
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a notch, which may form a one-way locking mechanism lb secure the suture line 214, or may 



be attached to a circular post disposed in the body of the 



bontact member 1 (not shown). The 



suture line 214 then may be tied through the notch or to jhe post in the contact member 1, to 
thrcontact member la, lb itself, or to the connecting shjft 2 to more tightly secure the heart 
to the contact member 1. An additional advantage of this embodiment is that the stabilizing 
means is actually affixed to the cardiac tissue via the sutufe line 214, such that when the heart 

h 

is moving laterally or downward the artery being stabilizjjd remains immobile and the surface 
of the heart may be lifted using the shaft means 3. 

Figure 43 shows an alternate embodiment of the flexible lockable arm 208 attached tc> 
a retractor and having a series of interconnecting links lomprised of sphere joints 215 and 
cylindrical tubes 216 and which may have a tensioning cabte traversing the length of the flexible, 
lockable arm as in the design of Figure 42. Additionally these embodiments may have other 
tensioning means such as an inflatable internal balloon 2l| that expands against the interior of 
the links rendering the individual links immobile, and thejpby locking the entire arm 208 into 

a fixed position. 

Additionally, the flexible, lockable arm 208 may 
bent tubular segments 218 as shown in Figure 44A 



provided by a plurality of curved or 
it are interconnected by an internal 



tbodiment of Figure 44A, the curved 
219 with teeth 220 such that when 



tensioning cable 210 or other tightening means. In the ei 
or bent tubular segments 218 have interfacing surfaces 

brought into conforming relationship, the curved tubular tgments 218 do not rotate relative to 
oneanomerduetomemterlockmgrelationsMpo^ See Figure 44B. As above, 
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the flexible lockable arm 208 is fixed in position by apllying tension via a centrally disposed 
tensioning cable 210 or other tensioning means such as Jspring-loaded rod, bolt, or wire. The 
interconnection between adjoining segments 218 may all be facilitated by brushings 221 that 
m disposed around the wire 210 and are shaped to lit within a recessed portion 222 of 

ji 

interfacing surface 219. j 

Referring to Figure 45A, a continuously MuL lockable arm 208 is provided b, a 
hollow flexible shaft 223 having a material 224 dispose] within whieh may beeome semi-rigid 
or stiff by a variety of methods. In use, the contact mlmbers 1 are positioned at the desired 
orientation relative to the beating heart, and the materi| 224 inside the flexible shaft 223 is 
caused to be tendered stiff or semi-rigid. The material jz24 disposed within the flexible shaft 
223 ma, be an epoxy-type glue, a low melting temperatL mem. with an electric heating wire 
225 disposed therein, a fine granular material or know! chemicals which become semi-solid 
upon exposure to light, heat, or chemical means. Whi a fine granular material is used, a 
mechanical compression fixture 226 or vacuum snctkju may be provided to compress the 
material 224 to cause the shaft 208 to become rigid. 

Referring to Figure 45B, additionally disposed 
ptarality of taerconnected discs 227 which are substantial, parallel and which engage the inner- 
surface of the flexible shaft 223. As with the above^escLd embctiimeu*. the discs 227 may 
be interconnected b, a wire 210 rnnning the lengm of L shaft. The plurality of discs 227 



ithin the flexible shafts 223 may be a 



reduce shear forces across the flexible shaft 223 and ma; 



that provide for selective stiffening of the flexible shaft Jong its length. As would be apparent 
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i 

i 

ii 
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to one of ordinary skill in the art, a flexible lockable shaft may be provided by a hybrid of the 
various embodiments described herein, such that selectivejjportions of the shaft may be rendered 
more or less flexible as desired, j 
--— Referring to Figure 46A, an adjustable shaft meanSj 3 may also be provided by a plurality 
of adjustable links 228 that are connected to, or comprisjj, the shaft means 3. Preferably, the 
adjustable links 228 are positioned at the distal end of stjtft means 3 and are connected to the 
connecting shaft 2, or directly to the contact members 1. (Referring to Figure 46A, a plurality 
of curved or bent links are provided, preferably at jleast three such links, which are 

jjstments. The plurality of adjustable 
the contact members 1 throughout a 



rotatable relative to the shaft means 
each other. The assembly formed 



independently adjustable to provide multiple rotational adj 
links 228 provides a compact mechanism for positioning 
wide range of motion. 

Referring to Figure 46B, the links are independentl 
3 and the shaft 2 connecting end contact members 1 and 
of the plurality of connected links may be lockable by providing an elastomers liquid or gas 
shredded elastomer rubber, granulated plastic, or tint rubber metallic ball bearings hydraulic 
medium within the body of the links 228. 

Referring again to Figure 46A, an elastomeric hydiulic medium 229 is disposed within 
the adjustable links. The point of interconnection between i 



he adjustable links may have internal 



or external retaining rings 230a, 230b and a means for expressing the elastomeric hydraulic 
medium 229 that is operably associated with the interior o| the adjustable links 228 such that a 
force can be exerted on the medium 229 to pressurize the Lium to lock each link 228 against 
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the retaining rings 230a, 230b to fix the position of ejjch adjustable link 228 relative to the 
adjoining link, thereby locking the entire assembly of thii shaft means 3 into position. 

Referring to Figure 46C, a means for compressing the elastomeric hydraulic medium may 
benprovided by a pushrod 231 that encounters the mediujm at its distal end, and which may be 
actuated by a handle 233 attached to a screw 232 at the p oximal end of the shaft means 3. The 
handle 233 has a spring 234 disposed about a piston to mjiintain a constant small force upon the 
medium 229. The compression spring 234 in the proximaj end of the shaft 3 provides a minimal 
preloaded force on the pushrod 231 in the same direc jion as when the handle engages the 
pushrod with screw 232. The force provided by spring 2B4 allows repositioning of the contact 
members 1 in a non-locked state. Additionally, the handle 233 is threaded into a housing 236 
which is in turn threaded onto the shaft 3. Rotating the housing 236 on the threaded shaft 3 
provides for an adjustment in the length of the shaft which in torn will adjust the preload force 

that the above-mentioned spring maintains, as well as, thfe axial position of the handle 233. 

A flexible shaft may also be provided by the embodiment of Figure 47 having a plurality 

of substantially unstretchable strands 239 contained withiji a flexible outer shaft 240 that has a 

locking means comprised of clamp 241 at the proximal e id for compressing the strands 239 at 

the proximal end and thus fixing the position of the flexible shaft. Thus, by actuating the 

locking means comprised of clamp 241 the strands 2 

compressed against one another, preventing an individi 

another, thereby fixing the position of the plurality of 

members 1 in place. 
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within the flexible shaft 240 are 
strand from sliding relative to one 
itrands 239 and locking the contact 
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The interior of the flexible shaft 240 may be prlided with several flexible substances 
which may be rendered solid by chemical or mechanical |eans or may have sealed portions that 
cause the flexible shaft 240 to become rigid or semi-lid. For example, Figure 48 has a 
flexible shaft 240 with a cable 210 running along to lenlh and pluraUry of fluid-filled lumens 
242 disused therein. When the lumens 242 are not ski, the contact members 1 may be 
continuously posttioned and the flexible shaft 240 set in|ny configuration. When the deshed 
orientation of flte contact members 1 is achieved, the lunjeas 242 ate sealed to fix te position 
of the flexible shaft 240. AdditionaUy, these lumens 24^ may be differentially pressurized or 
evacuated to adjust the position of contact members 1. i 
Referring to Figure 49, a fine adjustment meclLism b provided by a plurality of 
threaded positioning cables 248 that traverse threaded port! 244 of a proximal portion 243 of the 
shaft means 3 and about the periphery of an end member fa of the shaft. The end member 245 
of me shaft 3 is positioned at each of Ore plurality of threakd ports 244 by ranting the threaded 

is moved either upward or downward relative to to original position. 

Figure 50A shows the interior of a shaft means 3 of 
m echamsm 249 in Ok proximal portion thereof for dampirl the vertical motion of the proximal 
end of an inner shaft 251. A spring 252 is mounted withl the interior of the proximal portion 
253 of an outer shaft 254 such drat when the comae, meibers 1 are lowered onto the bearing 
heart, the proximal end 250 of inner shaft 251 gend, compresses the spring 252. Tbe outer 

isistance is met at which the beating 



the invention having a spring-loaded 



shaft 254 may be positioned downward until a point of r 
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heart achieves adequate stabilization. At m point, ft. ouir shaft 254 may be feed in position, 
Lfc, by attaching to the retractor or other stabilized suppo| 255 while the inner shaft 251 may 
move up and down in a vertical direction. The o 5 cUlauot| of the inner shaft 251 is dampened 
brme spring 252 mounted in the proximal portion 25^of the outer shaft 254 or may be 
rendered motion.** by lower positioning of the outer shift 254 relative to the surface of the 
beating heart. 

As shown in Figure 50A, the spring mechanism 2^9 may also be mounted at the distal 
portion of me shaft means 3 and me spring 252 ma, be Lmal to a cenftal shaft 256. An 
additiona. configuration having a damped vertical motiol is provided by a fluid^mpening 
onanism consisting of a chamber 257 with a sea. 260 ha|ng a plunger 258 for moving therein 
wherein said plunger has a piston 261 having an annular jt 261a thereabout, such as a rubber 
O-ring seal, that engages the internal portion of the chaml 
of fluid. Piston 261 has one or more orifices 269 to res 
Additionally, inside plunger 258 is a one-way valve such 
bypass passage 258b. As an upward vertical force is i 
fluio dampening mechanism restricts the ability of Ore cental shaft 250 to move upward, while 
k. downward morion is reiarively unresnicted, due to fjid flowing through bypass passage 

258b. 

Referring to Figure 51A, the shaft means 3 depfc 
shaft 263 with a fine adjust capability provided by a thui 
a threaded portion 265 of the central shaft 263 and which 



257 to substantially seal the passage 
rict the flow of fluid therethrough, 
a spring-loaded ball 258a within a 
»d upon the central shaft 250, the 



therein has an adjustable central 
[bscrew 264 which is rotatable about 
connected at the most distal end to 
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d. contact member, 1. Independent rotation of me cen traihaft 263 is prevented by a stop 268. 
As in Figure 1, the shaft of mis embodiment may be rotary attached to a portioo of a retractor 
„, stabilized support 266 by passing the shaft through a bju and socket joint 267. 
- Referring to Figure 51B, the contact members 1 a| attached to a partial portion of Ore 
shaft means 3 comprised of an outer sleeve 269 that extend| to engage a second shaft 270 having 
a plurality of splines 271 about the exterior. A first internll shaft 272 is attached to a ball joint 
273 operably connected m .he cnntac. members 1. The fii internal shaft 272 isdisposed inside 
borh fire outer sleeve 269 and the second shaft 270 a* hJmreads 274 to permit adjustment by 



..^ At the end of thl threaded internal shaft 272, the baU 
a handle 275 (which may be removable). At the end 01 u» uu 

join. 273 allows the comae, members 1 <o rotate a. .he bai of d. shaft means 3. Tne second 
sbaft 270 is engaged through Ore outer sleeve 269 by the Alines 271 to keep fire ball joint 273 
from rotating. A circular dip 275 has inner ridges 276 fii. pass finough the outer sleeve 260 
and mainour the ball joint 273 in a fixed position. j 

Referring to Figure 52, a method for providmg colnuous and adjustable positioning of 
to contact members 1 of the invention may be readily proved b, a mafieabie shaft 277 which 

jd be molded by hand. In particular, 
iched to a stable support such as a 



is attached to the contact members 1 and which may slide 
the malleable shaft 277 may slide through a fixture 278 al 

retractor blade 279 used to op,n the surgical incision. Tie vertical positioning of the device 



may be achieved by a handle 280 which is manipulated ft. 
a vertical portion 281 of the malleable shaft 277 to slide 



outside of the incision and causes 
rough the fixture 278. 



Referring ,o Figure 53, an embodiment for fire sha| means 3 of fire invention is shown 
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having a plurality of linked members 282, each of whiclj is connected to the adjacent linked 
member 282 by a hinge 283, and a torsion spring connected to each hinge (not shown) and 
which are interconnected by a cable 284 connected to eachj inked member 282, preferably at an 
atteehment point 285 adjacent to the hinges 283. providing a plurality of discrete 
interconnected linked members 282 with an arcuate shape, 'and by providing in interconnecting 
cable 284, a curved shaft means 3 is provided with the ablity to coil and uncoil as the tension 
is exerted, released, or reversed, on the cable 284. Prefelbly, the most distal linked member 
282 and the end of the cable 284 is affixed to contact member(s) in any of the several 

embodiments described previously. ' 
To take advantage of the minimally invasive procedures enabled by the invention, the 

positioning of the contact members 1 by manipulation of configuration of the shaft means 

3 may be achieved remotely, U, from outside the incision 

attached to and operably associated with the shaft means 3 

54C, remote manipulation of the positioning of the contac 



by any of a variety of mechanisms 
Referring to Figures 54A through 
members 1 may be provided by a 



shaft means 3 having a ball joint 286 at the distal end thereof which is connected to the contact 



members 1 or the connecting shaft 2. Continuous positi 
provided by a plurality of cables 287 which are affixed to 
at the exterior surface of the ball joint 286. The ball joint 
the distal end of the shaft means 3. The shaft means 3 i 
be fixed into a predetermined position by the surgeon de; 



ning of the ball joint 286 may be 
ie ball joint at opposing points 288 
:86 is maintained in a socket 289 at 
If may be rigid or flexible, or may 
siding on the clinical environment. 



Additionally, the shaft means 3 may be comprised of a plurality of shafts, including an inner 
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flexible shaft 290 contained within a rigid shaft 291 where|n <he flexible shaft 290 extends above 
the rigid portion, terminating at the positioning handll 292. The eontact members 1 are 
positioned by means of the plurality of eab.es 287 aftacbji to tire ba.l joint 286. The plurality 
of cables 287 rnns from me ball joint 286 through the ligrn of the shaft means and terminate 
m a positioning handle 292 a. the proximal end of me sha| means 3. The shaft 3 ma, be of any 
convenient lengm but is preferably long enongb to extenfe positioning handle 292 to a point . 
sufficiently beyond me incision mat manipulation of the isition of me contact members 1 does 
not interfere with me surgeon's abilUy to visualize me sjgical she. Thus, each cable 287 has 
a distal portion affixed to me ball joint 280. at* a pro|ma> portion affixed to a positioning 
handle 292 having the cables aftached thereto. In one coiguration. the plurality of positioning 
cables 287 are affix* about a plurality of artachment poin| 293 . respectively, on the positioning 
handle 292. . 

ta me embodiment of Figures 54B and 54C, the ositioning handle 292 has a reoessed 

disposed inL recessed are* 295 about which the 

cables 287 are affixed a, several points. TT* most proxinal portion of me positioning handle 
m is adapted to be grasped b, ft. hand and may be Ltd about me post 294 to provide 
seiective tension on me cables 287, thereby .positioning L contact members 1 at me distal end 

of the shaft means 3. j 

As is apparent from the foregoing description, an Important fraction of a shaft means is 

to selectively place the contact members at the approp 
providing sufficient flexibility and positioning adjustabil 



71 



iate site on the beating heart, while 
for different clinical situations and 



223/172 

I Patent 
for different surgical access techniques. Also, the shaft i| typically mounted or attached to a 
stable support at a proximal end and typically at a point outside the patient's chest. Thus, it is 
advantageous to provide a shaft means having the ability to be positioned in several 
configurations, particularly relative to a stable support si|h as a surgical retractor or access 
platform which is used to provide access to the beating he 

Referring to Figures 55A and 55B, because the available access and working space for 
the surgeon may be limited, certain embodiments of the invlntion may be contained substantially 
within the chest cavity. Preferably, such a stabilizing meant is connected to the rib retractor and 
may be affixed to one or both sides of the opening createj by spreading the ribs using the rib: 



in an open position whereby blades 



retractor. 

Referring to Figure 55A, rib retractor 296 is shown i 
297 engage and spread the ribs. A pair of stabilizing barlj 298 having a conventional ratchet 
means 299 attached at the end thereof are positioned beneath the retractor. The ratchet means 
299 is comprised of a plurality of teeth 300 on the stabilizing bars 298 and a ratcheting aperture 
301 permitting one-way passage of the stabilizing bars 1298 unless released by a release 

mechanism. The stabilizing bars 298 are curved downward such that as the bars are advanced 

through the ratchet means 299, the lowermost portion of ie stabilizing bars 298 engages the 

beating heart 301a proximate to the anastomosis site. 

Referring to Figure 55B, the orientation of the poiion of the stabilizing means which 

engages the heart relative to the rib retractor 296 is similar 



55A. In this embodiment, a contact member 1 is attached on opposite ends to at least two 
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;o the embodiment shown in Figure 
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malleable supports 302 which are in turn attached to t|e rib retractor 296. The malleable 
supports 302 are preferably made of stainless steel bandijwhich are woven in a mesh or have 
a repeating serpentine configuration to allow for substantial extension into the chest cavity. This 
configuration yields a malleable support 302 with sufficient tensile strength to maintain a 



stabilizing force at the anastomosis site while allowing 
supports 302 within the chest cavity to achieve the desi 
heart. 

As noted above, at the upper end of the shaft meanfe the shaft means 3 may be attached 
to a fixed support which may be any surface or structure ihich does not move with the beating 
heart. For example, the shaft means 3 may be attached to 



surgeon to manipulate the malleable 
:d orientation relative to the beating 



i fixture on the retractor system used 



to spread the ribs for access to the heart or may be attached to a fixed structure such as the 



surgical table or associated aperture which is not co 

embodiment, the shaft means 3 is directly attached to a co 

is designed to receive the shaft means 3 and to maintain tb 

means 3 during the procedure. 

Referring to Figures 56A and 56B, an adjustable sli< 

means 3 such that the shaft means can be continuously p 
example, in Figure 56A, a curved shaft 303 traverses a ball joint 304 disposed at the end of an 
adjustable arm 305 which connects the shaft means to the Lractor 306 and is lockable relative 
to the retractor 306. The curved shaft 303 traverses the ball joint 304, as described previously, 
and is positioned by sliding the shaft 303 relative to the ba|l joint 304, providing the ability for 
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:ted to the patient. In a preferred 
[ponent of the retractor system which 
position and orientation of the shaft 

[e mechanism is provided to the shaft 
itioned relative to a retractor. For 



223/172 
Patent 



a given arc as defined by the flexible 
lay be positioned in a perpendicular 



the contact members 1 to be positioned at any point within j 
shaft 303. Also, the entirety of the curved shaft 303 
direction away from the length of the retractor blade 307 ijsing the adjustable arm 305. Figure 

56B. shows a top view from A-A of the adjustable arm 305 which may have a slot or groove 

i 

formed in the body thereof allowing continuous positionin| until the arm is fixed in position by 
a locking mechanism 308. Thumbscrew 312c locks the portion of ball 304 in member in place. 

In Figure 56C, the shaft means 3 is comprised of i pair of parallel shafts 309 and 310 
which slide around an axle 311 disposed in a tightening mphanism 312 affixed to the retractor 
313. The position of the shaft means 3 relative to the retr ictor 313 is adjustable by sliding the 
shaft means 3 along the axle 311. Moving handle 311a c uses a corresponding motion in the 
contact members 1. Tightening thumbscrew 312c locks c amp members 312a, 312b onto port 
312d and shafts 309, 310 simultaneously. 

Referring to Figure 57, an adjustable arm may be pr ovided for continuously adjusting the 
distance between the retractor or other stable support ani 1 the shaft means of the means for 
stabilizing the beating heart of the invention. At one end o the adjustable arm, the shaft means 

3 traverse a ball joint 314 which is contained in a socl et 315 formed in the body of the 

I 

adjustable arm. The tightness of the ball joint 314 may b^ adjusted by tightening a shaft 316 
affixed to the socket 315 and which passes through the bcjiy 318 of the adjustable arm. The 
tightening shaft 316 which is in turn connected to a rotatingjknob 319 that may tighten or loosen 



the ball joint 314 by tightening the socket 315 via the 



lightening shaft 316. The distance 



between the shaft means 3 and the ball joint 314 is also adliistable relative to the stable support 
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has an elbow joint 324 with a hinge 
and 326a, 326b, such that the upper 
lative to a retractor or other stable 

tor and the lower dual blade shaft 
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320 by virtue of a slit or groove 321 formed in the bocjy of the adjustable arm. A locking 

mechanism 322 is disposed within the groove 321 such thaj: actuating a locking handle 323 fixes 

i 

the position of the adjustable arm by tightening the lockijig mechanism 322 about the groove 
32t 

Figures 58 A, 58B, and 58C are multiple segment shaft means 3 having alternate 
configurations to permit adjustable positioning. Figure 58, 
attaching upper and lower dual shaft members 325a, 325b 
and lower shafts members are continuously positioned 
support 327; The assembly may be attached to the rei 
members 325a, 325b are attached to the contact members % rotating joints 328 while the upper 
dual shaft members 326a, 326b are attached to the supi Drt by a second rotating joint 329. 
Figure 58B has two shafts which are positioned to extent j in a horizontal plane by extending 
from beneath a retractor blade 330 and by rotating around a least one circular joint 33 1 disposed 
between a first and second shaft 332 and 333. At the end of the second shaft 333, the contact 
members 1 may be provided with a third vertical shaft 334 having a ball joint 335 disposed at 
a proximal end thereof and which is affixed to the second shaft member 333. 

One particularly useful feature of the shaft means oi the invention is the ability to extend 
the distal end of the shaft in a continuous or telescopic fashion such that the contact members 
can be continuously positioned downwards relative to the pibximal end of the shaft that is in turn 
attached to a retractor or other stable support. The degree of downward extension may be 
provided by several mechanical embodiments. Figure 58$ is a telescoping shaft member 336 
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having a lower shaft 337 concentrically oriented within anLpper shaft 338 and a locking means 
339 for fixing the position of the lower shaft 337 relative to the upper shaft 338. Additionally, 
the contact members 1 may be positioned by pivot 339 locijted at the proximal distal ends of the 
lower shaft 337. The upper shaft 338 may also be positioned relative to the retractor blade 330 
by a tilting mechanism 340 that adjusts the angle of the upj>er shaft 338 relative to the retractor 

blade 330. J' 

Referring to Figures 59A, 59B, and 59C, the stabbing means of the invention may be 
provided by a plurality of adjustable attachments that affix the proximal end of a shaft or shafts 
to a retractor. For example, in Figure 59A, a plurality of telescoping shaft means 341 are 
affixed to several pivoted joints 342 or hinges on a retraltor blade 343 such that the contact 
members 1 can be continually positioned in three dimensioL relative to the retractor blade 343 
which grips one edge of an incision. When retracted, tbj contract members 1 are contained 
entirely within a recessed housing 343a formed in the retr|ctor blade 343. 

In the embodiment of Figure 59B, a lockable rotable arm 344 is provided that may be 
locked or unlocked to be positioned vertically by a first hi 
a second hinge 346 wherein both hinges are mounted in a r 
In Figure 59C, the shaft means has an adjusting 

of a telescoping shaft means 348 at a point along the re 

343. By loosening the adjusting knob 347, the telescop 

or retracted relative to the retractor arm 349 and the retrttor blade 343 thereby allowing the 

contact members 1 to swing into position to be brought ilo contact with the beating heart. 



345 and to swing or rotate around 
tractor arm or a retractor blade 343 . 
iob 347 affixed to the proximal end 
ctor arm 349 or the retractor blade 
shaft means 348 may be extended 
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il shaft 350 having a handle 351 at the 
guide 352, and preferably a series of 

I 

[ted to be held by the hand and allows 
ioning of the contact members 1 by 
ies of shaft guides 352, 353, and 354 



In the embodiment of Figure 60, a flexible centr; 
most proximal end is disposed within at least one shaft J 
shaft guides 352, 353, and 354. The handle 351 is adaj 
both rotation of the flexible central shaft 350 and posf 
extension or retraction of the handle 351. Any of the 

may be straight or formed to have a predetermined curie to alter the direction of the central 

I 

shaft 350. A proximal shaft guide 354 may be integral with a retractor 355 used to open a 
surgical incision. A particularly preferred low profile fembodiment of Figure 60 has a shaft 
guide 354 integrally associated with a cross-member 3, 
blades 357. The shaft means 3 at the distal end of the central shaft 350 may be straight of 
curved and rigid or flexible as desired. To fix the po: ition of the central shaft 350, a lock 
mechanism 358 is provided, preferably at a proximal poi ion of the central shaft 350, to fa the 
position of the central shaft relative to the shaft guides 3 52, 353, and 354. 

Referring to Figure 61, as noted above, attachment to a rib retractor is a preferred 
technique for fixing the position and orientation of the sta i>ilizuig means. The stabilizing means 
of the invention may therefore advantageously attached :o a fixture attached to a rib retractor 
359 or may be configured to be directly incorporated nto the body of a portion of the rib 
retractor 359. A surgical rib retractor 359 is generally c amprised of a body 360 having blades 
361 attached thereto, which engage the ribs and spresk the ribs when the retractor 359 is 
operated to move the blades 361 apart from one anothe . The space created by the retracted 



blades 361 provides access to the heart. Thus, once 
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th( 



retractor 359 is locked into the open 



position, the stabilizing means may be applied to the he 



ift means 3 passes through the sphere 
inter of the sphere 365. 
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irt and a stabilizing force maintained at 
the site of the anastomosis by fixing the position and orientation of the shaft means 3 relative 
to the rib retractor 359. Referring again to Figure 61, tlje shaft means 3 may traverse the width 
of the body 360 of the retractor 359 and is held in place J>y an upper plate 362 and a lower plate 
363 having circular openings 364 therein through whi<jh the shaft means 3 passes and which 
maintain the position of a sphere 365 positioned betweln the upper plate 362 and lower plate 
363. The size of the openings 364 is larger than the diameter of the shaft means 3 but smaller 
than the largest diameter of the sphere 365. Thus, the 
365 and may pivot about a point approximately at the 

Referring to Figure 62, the stabilizing means of tie invention may be provided by a shafr 
means 3 that extends from a cross-arm 366 connectin J the individual arms 367 of a surgical 
retractor such that the shaft means 3 extends between ihe arms 367 attached to the retractor 
blades 368 and below the level of the retractor blades 3< i8 such that the contact members 1 and 
separate shaft 369 is positioned beneath the level of th retractor blades 368 and is generally 
contained within the chest cavity. This embodiment is a low profile design wherein a portion 
of the shaft means 3 extends into the chest cavity and hi a second substantially horizontal shaft 
.369 extending from the distal end 370 thereof. 

Referring to Figure 63, the stabilizing means of the invention may advantageously be 
provided with a rib locking mechanism 371 affixed to ither side of a rib 372 to form a stable 
support for shaft means 3 that extends from the rib locking mechanism 371 into the chest cavity. 
The rib locking mechanism 371 is comprised of an adjustable post 373 preferably disposed 
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within a slot 376 formed in the body of the rib locking 
two adjacent ribs 372, 373 and a blade 374 affixed t 
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lechanism 371 and is positioned between 
the opposite side of the rib 372 most 



adjacent to the incision. The position of the blade 374 j is adjustable relative to the post 373 by 
sliding the mechanism 371 along the slot 376 and fixiijg it in place with a locking latch 373. 

As noted herein, the embodiments of the stabilising means of the invention may also be 
used to position the heart to facilitate performing dfc bypass surgery or any other cardiac 
procedure where the position of the beating heart may |e adjusted. Referring to Figure 64, the 
embodiment of Figure 63 may be utilized as a head positioning device requiring only the 
modification that the shaft means 3 affixed to an identical or equivalent rib locking mechanism 
371a and the contact members 1 have a length and tensil 5 strength such that the contact member}* 
1 can maintained in a position about the periphery of the beating heart as desired. 

In combination with the several designs for 



contact members and related features 



described previously herein, the configuration and construction of the element which is attached 
to the contact members principally the shaft means, majj partially comprise the contact members 
and may be provided in several alternative designs v ithout departing from the spirit of the 
invention. As indicated previously, certain variations bay depend on the surgical demands of 
a particular procedure, and will depend on the nature <|f the surgical incision(s) used to access 
the beating heart. For example, some embodiments 
where a minimally invasive incision is created, and th< 
instruments through a cannula or a hollow shaft that pi ivides access to the heart. Figures 65A 
through 65D show an embodiment of the invention whjfreby a means for stabilizing the beating 
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of the invention are particularly useful 
procedure is performed by introducing 
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heart is provided that is integral or closely associated v»ith a hollow shaft 386 that defines a 
surgical field around the site of the anastomosis. In Figure 65 A a hollow shaft 386 is provided 
having a lower cylindrical portion 387 that splits into two jemi-cylindrical portions 388 and 388b 
that define the surgical field for an anastomosis of a target vessel 389. 

Preferably, the bottom surface 390 has an operlg 391 through which the vessel 389 
passes such that the vessel lies within the opening 391 L within the larger space created by 
splitting of the hollow shaft 386 to create the surgical fild. In this embodiment, instruments- 
may be introduced either through the hollow shaft portiot j 386 of the device or through the split 
portion of the lower portion 387 of the shaft to provide sto bilization and access to the vessel 389 
The opening action of the lower portion 387 of the shai| may be provided by a rotating shaff 
means 3 which, when rotated, forces the lower portion 
portions 388a and 388b. 

: §92 may be 



387 to split into the semi-cylindrical 



Referring to Figure 65B, a unitary hoUow shaft 



beating heart about the bottom surface 390, to provide 
plurality of openings 393 disposed in the body 394 thereof. Preferably at least one passage 395 
is provided in the bottom surface 390 such that the target vessel 389 may be disposed within the 
passage 395. A second passage 396 may be provided it the bottom surface 390 of the unitary 
hollow shaft 392, preferably at an opposite end, such that the vessel may pass through the 
openings 395, 396. or where a single opening is providld (not shown) the edge of the bottom 
surface opposite the opening 395. acts as an occluder. liarger openings 397 in the body of the 



may be provided that contacts the 
the stabilization function, and has a 



unitary shaft 392 may be provided to enable the surgeori 
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to have access to the target 389 vessel 
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through the body of the unitary shaft 392. 

Figure 65C is a hollow shaft element 398 hail 
members 1 of the type described previously, but which 



lg formed therein a pair of contact 
>ld out from the body 399 of the shaft 



•i 



by virtue of a hinge or pivot 400 ar «he lower portion 4 of the shaft element 399. By folding 
Tut the conuct members 1, which are maintained subLtiaUy integra. to the shaft element 
during insertion of .he shaft element 398 through a su|iea. incision, me contact members 1 
engage me surface of me bearing heart and provide the staizatio, function. The surgeon may 
induce ins— through the hoUow portion of ti| shaft element 398. or from anorher 

direction to achieve the anastomosis. 

Referring to Figure 65D, tire application of J stabilizing force need not be appKefr 
directly be.ow me surgica. field created by Ore shaft .lent 398. Tire embodiment of Figure 
65D has an annular ring 402 tamed in the bonom portiol 39! of tire shaft element 398 and that 
ma, rotate about the axis provided by a rod 403 or rhe Lft means 3 passing through me wal. 
oftire shaft Cement 398, and which is affix* to the ani.ar ring 402. By rotating tire ™d 403. 
me anmtiar ring 402 routes out from under the boftom 9. of the shaft Cement 398. and ma, 
be positioned to comact the surface o, tire beating helt to an annular fashion adjacent and 
tangent to rhe shaft element 398. As with orher embodies described herein, the annular ring 
structure 402 mat applies tire seizing motion may hie a. leas, one passage 464 formed in 
rbe booom surface such that me vesse, 389 ma, he portioned merem. The passage 4ti4 may 
pass through me entirety of tire rirrg 402 maxing it a | or -V" shaped contact member (not 
sbown, which will allow eas, remova, from me fleJafter co-section of me anastomosis 
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fastening the graft to the heart. Alternatively, the ring sjructure 402 may be cut or broken for 
removal if necessary. 

Referring to Figure 66, this embodiment of the! stabilizing means is comprised of an 
elongated sheath member 405 which wraps around the hejirt in a strap-like fashion to restrict the 
motion of the heart. This embodiment may be used jith a thoracotomy providing surgical 
access, but is particularly useful when access to the beaijing heart is provided by a sternotomy. 
The sheath member 405 is positioned to surround the tjeart and manipulated so that each end 
of.the sheath member 405 extends out of the chest cavi y through the sternotomy. If desired, 
at least one end of each sheath member 405 is attached I L a retractor 406 to secure the position. 



of the sheath member 405 . The sheath member 405 may 
407 which engage the exterior of the heart to hold it in 



have a plurality of support attachment^ 4 
Iplace. At the point where the support 



attachments 407 contact the surface of the heart, the supfcort attachments 407 may have friction 
means 4 (not shown) attached to the surface which is in direct contact with the heart. The 
support attachments 407 may have or be comprised of Ld-filled members 408 which cushion 
the heart against the sheath member 405, and absorl the motion of the heart while it is 
stabilized. Where the sheath member 405 has one or m< re fluid-filled members 408, the sheath 
member 405 may also include at least one lumen 409 fc introduction of air or a biocompatible 

fluid to the inflatable members 408, which may be infla si separately or simultaneously. In the 

former instance, a separate lumen 409 is provided f >r each inflatable member 408. The 

insertion of the sheath member 405 into the chest cavitj 

members 408 are deflated and is achieved manually o 
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may be performed while the inflatable 
by a conventional guide and/or guide 
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wire. Each of the support attachments 407 may be permlnently attached to the sheath member 
405 or may slide along the length of the sheath memler 405. Alternatively, alone or in 
combination with other inflatable members, the inflatable Lmber 408 is positioned immediately 
proximate to the target coronary artery to achieve a mi .ocalized stabilization. Thus. Ote 
datable members of me invention may lie next to. or jnay surround, the heart of the rarget 
coronary artery and ma, have openings or apertures pla|d in me body thereof tough which 
surgical procedures are performed. An additional seizing force may be applied when me' 
Marabie member 408 fills the space between me heart all the enciosing structure, such as me 
pericardial ling or the back of me ribs. When me inLable member 408 is appropriately. 
Mated, the target artery aim may be pressed against a Lama* stabilizing sm.ch.re. such * 
comact member 1. me back o, edge o, the surgical iiision. The flu.d-fd.ed or mflauble 
toning, stabilizing, or positioning meana could A be applied via a rigid, maHeable, 
deformable, or removable shaft, handle, mounting, or iJfbtkm meana. 

SimUariy. referring to Figure 67. a strap 410 male provided which is arranged » pass 
over opposhe retractor biades 411, to pass uader^ath J heart, and which may be mounted a, 
bo* enda to a crank 412 for se.ec.ive movement of the [trap 411. By turning the crank 417. 
or by omerwise manipulating the positton of the strap 41 1 the heart may be rotated for selecdve 
positioning or to provide access to various regions If me heart. The cranks 417 are 
advantageously adacbed to the retracror used to maiota| spreading of me ribs in a minimafly 

invasive thoracotomy. 

As noted above, in addition to stabilization of the 



Ibeating heart, the devices and methods 
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of the invention may be used as shown in Figures 66 a id 67 to selectively position the heart. 
Additionally, as shown in Figure 68, an alternate to a ccjntinuous strap 411 is shown in Figures 
68A, 68B, and 68C and is comprised of a substantially ffat, flexible sheet 413 positioned under 
the heart. One side of the sheet 413 may have a hydrogijl 414 coating, or a coating of a similar 
material that adheres to the epicardial surface. Prefenjbly, the other side of the sheet 413 is 
smooth. In a preferred embodiment, two sheets 413 are (joined at their respective edges to form 
an interstitial space (not shown) therebetween. Perfusjion of the interstitial space with fluid 
softens the hydrogel 414, allowing ready repositioning )r removal of the sheets 413. 

Depending on the nature of the surgical procedurj, it may be desirable to lock the contact 
members 1 in place by manipulating their position from a location remote from the surgical 
field. In the embodiment of Figure 69, a plurality of telescoping shafts 415 are provided which 
engage a contact member 1 at their most distal end. Preferably, each telescopic shaft 415 is 
affixed to a point on the retractor blade 416, thereby showing the telescopic shafts 258 to be 
collectively adjustable to position the contact membejs 1 at any point within the range of 
movement of the telescoping shafts 415 within the surgical field. At the most proximal point 
of each telescopic shaft 258, the shaft is affixed to (he retractor blade 416 by virtue of a 
hydraulic actuator 417 that fixes the orientation of eijch telescopic shaft 415 relative to the 
retractor blade 416. Each hydraulic actuator 417 is attached to a lock valve 418 via non- 
expanding hydraulic hoses 419. Typically, the lock valje comprises a reservoir 420 and a hand- 
activated switch 421 for closing the lock valve 418 tj) lock the hydraulic actuators 417 into 
position. Any number of telescopic shafts 415 may be 
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provided, however, it is preferable that 



a plurality of mounting points are available at various 
that the surgeon can individually attach several, prefera 
to the retractor blades 416 at the locations best suited foi 

Referring to the embodiment of Figures 70A 
provided with a shaft means 3 comprised of a plurality 
selectively placed friction surfaces associated therewith 
into a set configuration when the contact members are 
beating heart. Referring to Figure 70B, the retractor 
with an internal cam shaft 422a actuated by a handle 422t 
422c to fix the position of a first shaft 424 relative to 
Figure 70A, the first shaft 424 is attached to a first 
joint about an axis perpendicular to first shaft 424. 
425 is comprised of a lower housing 426 affixed to the 
affixed to a second shaft 428 which may be a discrete 
extension of the housing of the friction joint 425. A 
upper 427 and lower housing 426 to allow the individual 
Either the upper 427 or lower 426 housing has disposed 
opposite housing has a friction engaging means such 
displaced by tilting about the ball pivot 429, the fri 
engaging means 431 and freezes the position of the 
connected to a second friction joint 432 having an 
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locations on the retractor blade 418 such 



b y at least three, telescopic shafts 415 

each surgical procedure, 
through 70D, a stabilizing means is 
of arms connected by joints having 
freeze the joints and adjustable arms 
displaced upwards by the motion of the * 
416 has a locking mechanism 422 
that expands a first curved leaf spring 
retractor blade 416. As shown ii^ 
friction joint 425 permitting rotation of the 
to Figure 70C, the friction joint 
shaft 424 and an upper housing 427 
cylindrical shaft as the first or may be an 
pivot 429 is positioned between the 
housings to rotate about each other, 
therein a friction surface 430, and the 
teeth 431. When either housing is 
friction surface 430 contacts the friction 
joint 425. The second shaft may be 
equivalent construction to the first. 



thit 



blide 



tie 



Referring 



fiitst 



ball 



2 5 



friction joint 



otatable position of the rotatable shaft 
to the contact members 1, for example, 
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Referring to Figures 70A and 70D, a rotatable si [aft means 433 is comprised of a central 
rod 434 disposed within a housing 438 having a ratchetii g mechanism formed from tongues 435 
engaging teeth around said central rod 434 to fix the 
means 433. The rotatable shaft means 433 is connected 
by a hinge 436 having a shaft 439 resistant to rotation t|r teeth (not shown) engaged by molded 
tongues 437 

In the embodiment of Figures 71 A through 7l£>, a retractor blade 440 is adapted to 
receive a clip into which is inserted a flexible slide havii g a contractible shaft means at the distal 
end thereof and means for extending the contractible shaft. Referring first to Figure 71C, the. 
assembly includes a C-shaped clip 441 for attaching th<| stabilizing means to the retractor blad^ 
440. The clip has at least one groove 442 adapted t > fit within a guide 443 formed in the 
retractor blade 440. The body of the clip 441 also hjls a slot 444 around the outside of the 
curved portion as shown in Figures 71 A and 7 IB and 
of a flexible slide 445. Figure 71D shows the flexib e slide 445 that fits inside the slot 444 
formed in the clip 441 such that the flexible slide ente|s the clip 441 through the slot 444 and 
curves around to conform to the shape of the clip 441 . 
of the flexible slide 445. 

An extendable shaft means 447 is attached to 
hydraulic tube 448 affixed thereto which is in fluid co 
fluid containing apparatus to apply hydraulic pressure 
means 447. Preferably, the syringe has a one-way val 



in phantom in Figure 71C for insertion 
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block 440 is mounted at the distal end 

ie block 446 and has an unexpandable 
tion with a syringe 449 or other such 
ough the tube 448 to extend the shaft 
e 450 with a release valve 451 such that 



i 



hydraulic fluid pressure is applied to progressively adv 
while the one-way valve 450 prevents the extendable sha 
completion of the procedure, the hydraulic pressure is re 
Referring to Figure 71 A, the surgeon would firs 
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nee the extendable shaft means 447, 
means 447 from contracting. Upon 
eased by activating release valve 451. 
( insert the clip 441 onto the retractor 



blade 440 by inserting the flexible slide 445 into the slot 444. The flexible slide 445 is thereby 
advanced from the top of the clip 441 through to the bottcbi until the extendable shaft means 447 
is in position to be extended to bring the contact members 1 into conforming engagement with 
the heart. With one hand, jLe,., via the syringe 449, flujd is injected into the extendable shaft 
447 to cause the contact members 1 to engage the hean j. Note also that the guide 443 in the 
retractor blade 440 may extend the length of the blade 45 j>, allowing selective positioning of th^ 
clip 441 along the blade 440. 

Referring to Figure 72, the means for stabilizin j the beating heart of the invention is 
shown in use together with a rib retractor 452 and additional apparatus 453, 454 which may be 
used during the beating heart CABG procedure. In use, jihe blades 455 of the retractor separate 
the ribs, thereby providing an access space for the introdibtion of surgical instruments, including 
the stabilizing means of the invention. The stabilizing i leans is thus brought into contact with 
the heart such that the contact members 1 are proximate 
force is exerted in an amount sufficient to minimize the 

fixing the stabilizing means in place, preferably by atta< hment to the rib retractor 452. 

Referring to Figure 73, the stabilizing means i s comprised of a pair of rectangular, 
substantially planar contact members 1, which are placed proximate to a target artery 456. The 
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to the target artery 456. A stabilizing 
motion of the beating heart, including 



irtery 456. The stabilizing means thus 
he duration of the procedure. 
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shaft means 3 is conformable such that it may be converpntly attached to the rib retractor 452. 

i 

As shown in Figure 73, the surgeon may readily adjus jthe orientation and positioning of the 

i 
I 

connecting shaft 2 and the contact members 1 relative toljthe shaft means 3 while the stabilizing 
means is in continuous contact with the heart by manipulating the thumbscrew 457 at the 
proximal end of the instrument. Figure 74 shows a later jstage of the procedure at a point where 
the anastomosis is being completed by suturing at target 
maintains a stabilizing force at the anastomosis site for 

As described above in several embodiments of tl e invention, the stabilizing means may 
advantageously be integrated with a related surgical de dee such as a retractor that is used to 
spread the ribs in preparation for the cardiac surgery, 
invention having a pair of shaft means 3 integrated with the arms of a retractor 459 suitable for 
spreading the ribs in a minimally invasive cardiac surger r. The stabilizing means are comprised 
of shafts having adjustable links 459 as previously desciiibed that provide for positioning of the 
contact members 1. The shaft means 3 also traverse bs 11 joints 460 that are directly affixed to 
the arm 458 of the retractor blade, and terminate with 
position of the shaft means 3 and contact members 1 ii place. 

As mentioned previously, it is the goal of the present invention to provide an apparatus, 
or collection of apparatus, to facilitate completing a min|mally invasive CABG procedure on the 



beating heart. Thus, each of the devices disclosed hereiji is preferably provided in an integrated 
kit, having several individual instruments packaged the ein to provide the surgeon with each of 
the instruments necessary to complete the anastomosis c n the beating heart. Since it is intended 
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adjustable handles 460 for locking the 
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that the means for stabilizing the beating heart as described herein, will be introduced directly 
into the thoracic cavity, and brought into direct physical contact with the beating heart, it is 
necessary that each of the devices disclosed herein be subjected to the sterilization techniques 
suitable for other surgical instruments. It is particularly preferred that a substantial portion of 
the devices described herein be formed of a biocompatible and sterilizable plastic and maintained 
in a sterile container completely enclosing the instrument whereby the container provides a 
barrier against microorganisms and wherein the stabilizer means of the invention and the' 
container in which the instruments are packaged are sterilized. Sterilization of the container and 
the instruments contained therein may be provided by conventional sterilization methods such 
as ETO gas, high temperature and pressure, or gamma radiation. Preferably, the container i^ 4 
a sealable flexible bag that may be sterilized either before or after having the instruments of the 
invention sealed therein. 

The particular examples set forth herein are instructional and should not be interpreted 
as limitations on the applications to which those of ordinary skill are able to apply this invention. 
Modifications and other uses are available to those skilled in the art which are encompassed 
within the spirit and scope of the following claims. 
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